














Vol. LXIV, No. 6.] 


ENGINEERING JO 















rue RAILROAD ano 


ENGINEERING 
JOURNAL. 


(ESTABLISHED IN 1832.) . 

THE OLDEST RAILROAD PAPER IN THE WORLD. 
PUBLISHED MONTHLY AT No. 145 BroADwaAy, New York. 
M.N. FORNEY, . . « « 
FREDERICK HOBART... =; 


Extered at the Post Office at New York City 1s Second-Class Mail Matter. 





Editor and Proprietor. 
» Associate Editor. 








SUBSCRIPTION RATES. 


Subscription, per annum, Postage prepaid............... $3 00 
Subscription, per annum, Foreign Countries............ 3 50 
Single copies idle mda <dbnadred a daeh daeemaiminiins «66 ¢duwdh baw adebe 95 


Remittances should be made by Express Money-Order, Draft, P. O. 
Money-Order or Registered Letter. 








NEW YORK, JUNE, 1890. 





AN International Exhibition of Mining and Metallurgy 
is to be held in London, beginning in July next and con- 
tinuing until September. The Board of Managers includes 
a long list of distinguished persons. The subjects within 
the scope of the Exhibition include mining machinery of 
all kinds, especially appliances for the mining of different 
metals, such as gold, silver, copper, tin, lead, iron, 
etc.; coal mining; petroleum; assaying and teSting; 
electricity in its application to mining ; explosives and 
their use; mining and metallurgical literature, and in 
general everything relating to the mining of ores and the 
extraction of metal from them, Exhibits are invited from 
all countries. 





THE present seems to be the age of international ex- 
hibitions, and the latest one noticed is to be held in the 
Island of Jamaica under the auspices of the Government 
of that colony. In this case a special desire is expressed 
to secure the co-operation of American manufacturers, 
and a large space will be reserved for exhibits from this 
country. The Exhibition is represented in the United 
States by Mr. Thomas Amor as Secretary, and he may be 
addfessed at No. 280 Broadway, New York City. This 
seems to be a favorable opportunity to promote trade 
between this country and the West Indies, as there will 
probably be a large attendance from all the islands. 





ACCORDING to accounts given in German technical 
papers, the locomotive builders of that country have formed 
an agreement to prevent underbidding for contracts and 
to keep up the price.of locomotives, which, it is claimed, 
had fallen to an excessively low point in consequence of 
too great competition. The agreement is to continue for 
five years, but its terms, or the manner in which it is to be 
enforced, are not stated. 

In this connection it may be of interest to note the pres- 
ent prices of locomotives in Germany. In the bids recently 
received for a large order for the Prussian State Railroads, 
the prices named were, for express passenger locomotives, 
$12,114; for ordinary passenger locomotives with tenders, 

‘ 








$11,626 ; for freight locomotives, $10,710, These bids, it 
may be noted, were put in after the new agreement had 
been made, and represented an increase of from 16 to 30 
per cent. over previous prices. 





THE manufacturing industries of the Pacific Coast have 
been restricted in their development to a considerable ex- 
tent by the high cost of fuel, which has been sufficient 
to offset the cost of transportation, and thus enable the 
Eastern or foreign manufacturer to compete with the local 
factories. In California there is very little coal, and that 
not of good quality. The new State of Washington, how- 
ever, has coal measures of large extent, and the coal is of 
excellent quality. Its development has already begun, and 
is proceeding as fast as transportation facilities are pro- 
vided, so that there is little doubt that in a few years its 
mines will be able to supply the demand of all the Pacific 
States, and the ports on Puget Sound will be the shipping 
centers of a great coal traffic. 

This abundant supply of fuel, with its other mineral 
products and its extensive tracts of fine timber, seems to 
show that in the future Washington will be the great man- 
ufacturing State of the Pacific slope, and will in time hold 
a position corresponding to that of Pennsylvania in the 
East. 


Two bills have been introduced in Congress at the pres- 
ent session to provide for the.use of safety appliances on 
railroad freight trains. The first, which was prepared by 
Senator Allison of Iowa, provides that all companies en- 
gaged in interstate commerce shall provide all new cars, 
and all cars brought into shop for repairs, with automatic 
couplers, and that after January 1, 1895, the use of cars 
not provided with such couplers shall be prohibited. — It is 
also provided that all locomotives shall be equipped with 
driver brakes, and that after January 1, 1893, it shall be 
unlawful to run any train which has not a sufficient num- 
ber of cars in it equipped with power or automatic brakes 
to give the control of the train to the engineer. A penalty 
of not less than $500 nor more than $1,000 is provided for 
infractions of the law. The Interstate Commerce Com- 
mission is charged with the duty of requiring reports from 
all companies under its jurisdiction as to the number of 
cars and engines used and the number equipped with au- 
tomatic couplers and with brakes. A final provision au- 
thorizes companies to refuse to receive cars not properly 
equipped. 

The second bill, which has been introduced by Senator 
Collom of Illinois, provides for the appointment of a Board 
of five members, at least two of whom must be practical 
railroad men andtwo versed in car construction. This 
Board is to investigate the car couplers in use and any de- 
signs that may be presented, and to make such tests as may 
be necessary to decide what type of coupler is best, and to 
report its conclusion to the Interstate Commerce Com- 
mission. The Board is given one year in which to make 
such a report, and after its decision is presented and filed, 
the railroad companies are required to adopt such couplers 
as may be decided upon, and to introduce and equip their 
cars with the same under heavy penalties, a reasonable 


time being given to accomplish the work. : 
There does not seem to be much prospect that either of 
these bills will pass at the present session, as the time of 
Congress is pretty fully taken up with other matters, « In 
the mean time, the whole subject of Federal regulation of 
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safety appliances was to be considered at the Conference 
in Washington, May 28, at which it was expected that the 
Interstate Commission and all the State Commissions 
would be fully represented. 





THE total mileage of track laid on new railroads in the 
United States up to May 1 of this year is reported by the 
Railway Age at 1,084 miles, The early part of the year 
was unusually. favorable for tracklaying, owing to the ab- 
sence of severe cold and snow over a great part of the 
country, and this may possibly have had some effect upon 
the extent of the new mileage. It is nevertheless true that 
the first part of the year is that in which the least tracklay- 
ing is done, and an addition of 1,100 miles during one-third 
of the year may be taken to indicate that the railroad build- 
ing of 1890 will be at least equal to that of last year, when 
5,200 miles were built, and may possibly exceed it. 

As was the case last year, a large proportion of the new 
track was in the Southern States, Georgia leading with 170 
miles and North Carolina coming second with 135 miles ; 
no other State reports over 100 miles. In New England 
and the Middle States the mileage was small and no large 
increase is reported in the West or Northwest, while on 
the Pacific Coast railroad building seems to have come to 
a stand-still for the present. 





THE city of Newark, N. J., has erected in its chief public 
park a statue of Seth Boyden, an inventor who did much 
to start the old New Jersey town on its prosperous career 
as a manufacturing city. Mr. Boyden was engaged in 
various occupations ; he invented the process of making 
patent leather, that of making malleable iron castings, and 
many improvements in steam-engines, in building which 
he was engaged for many years. He was also one of the 
early locomotive builders, having constructed in his shops 
in Newark in 1837 two engines for the Morris & Essex 
Railroad, which successfully worked the grade of 140 ft. 
to the mile between Newark and East Orange—a feat 
unprecedented in those days. It is claimed that on these 
engines he used for the first time outside connections 
and a sort of link motion, the drawings of which have, un- 
fortunately, been lost. He did not continue long in the lo- 
comotive business, the two engines named and one which 
was sent to Cuba being all that were built in his shop. 

Business complications left Seth Boyden a poor man in 
his old age, but he was undoubtedly a mechanic of great 
ability, and the city where he spent nearly all his active life 
has done well in honoring his memory. 





THE project for the American International Railroad 
has been brought formally before Congress by a brief mes- 
sage from the President transmitting a note from the Sec- 
retary of State upon the agreement reached in the late so- 
called Pan-American Conference. In this message Con- 
gress is asked to appropriate the sum of $65,000, which 
would be the estimated share of the United States in the 
cost of the preliminary surveys required. 

The proposed line is intended to connect the United 
States with the different South American countries, and 
for that purpose it is proposed to make use of the railroads 
already built in Mexico, Peru, Chili and the Argentine 
Republic, the new line to fill in the gaps now existing be- 
tween those different countries. In the recent Conference 
an agreement was reached for the making of a survey to 
ascertain the best and most economical routes under the 
direction of an International Commission, the expense to 


be shared by the several nations concerned in proportion 





to population. The headquarters of the Commission are 
to be located in Washington, and its first meeting will 
probably be held in October next. The United States will 
be represented in the Commission by three-‘members, and 
it is probable that the actual work will be placed in charge 
of a small sub-committee. 





LATER advices concerning the breakdown of the engines 
of the Cty of Pars, while they contain much information 
as to the condition of the engines and of the ship, do not 
yet make altogether clear the cause of the accident. The 
low-pressure cylinder, which gave way, was completely 
broken up, and judging from the engravings published in 
our contemporaries, Engineering and the Engineer, the 
engine-room presented the most extraordinary scene of 
destruction ever found on an ocean steamer. The after, 
or low-pressure cylinder, was a complete wreck, and 
almost every part of the engine was out of place, al- 
though the intermediate and high-pressure cylinders were 
not badly broken. Contrary to the first advices, the bot- 
tom of the ship was not injured, the water which came in 
having entered entirely through the valves, which could not 
be closed, as it was impossible for the engineers to reach 
them. 

As to the cause of the accident, there is still some differ- 
ence of opinion ; but the weight of evidence seems to show 
that it resulted from the breaking of the propeller shaft, 
and that that break occurred in consequence of the wear- 
ing down of the outboard bearings of the shaft. The brass 
sleeve, it was found when the ship was docked, had en- 
tirely disappeared with the exception of two rings, prob- 
ably the collars at the end. The propeller shaft itself was 
practically undamaged, but the metal studs which attached 
the sleeve were worn down level with the shaft. The re- 
sult of this wear would be the dropping of the after end of 
the shaft, throwing an enormous strain upon the level por- 
tion, and under this strain there was a fracture close to the 
next point of support, which was in the stern close to 
where the shaft emerged from the ship. The breaking of 
the shaft would, of course, permit the engines to race at a 
high speed, and the immediate result was the breakage of 
the low-pressure cylinder, probably in consequence of the 
piston striking the head. It may be added that careful 
examination showed no defective metal in any part of 
the shaft or engines. 

One peculiarity of this accident is that when the engine 
gave way sufficient damage was done to the engine driv- 
ing the other screw to stop that also. Among the advan- 
tages urged in favor of the twin-screw system has been the 
improbability of both engines giving way at once, and it 
is somewhat strange that in the first serious accident oc- 
curring to a large steamer built with twin-screws both 
engines should be stopped. As has been already stated, it 
is evident that the danger to the ship resulted chiefly from 
the manner in which the outboard valves were worked and 
the impossibility of closing them anywhere except from the 
engine-room. If any special lesson is taught by the acci- 
dent beyond this, it is the necessity of strengthening the 
outer bearings of the propeller shaft. 





THE Committee which has in charge the arrangements 
for the American meeting of the Iron and Steel Institute 
of Great Britain held a meeting in New York recently, 
and has about completed the arrangements. It is under: 
stood that the members of the Institute will arrive in New 
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York about October 1, and will be present at the meeting 
of the American Institute of Mining Engineers, which is 
to be held in New York at that date. It is stated that 
about 450 members have signified their intention to join 
in the meeting, and that they will be accompanied by some 
50 ladies, After the meeting two excursions have been 
arranged : One through the coal and iron regions of Penn- 
sylvania to Pittsburgh, thence to Chicago and the copper 
mines of Lake Superior, returning by Detroit and Niagara 
Falls. The other excursion will go to Birmingham, Ala., 
by way of Cincinnati and Chattanooga, returning through 
East Tennessee and Virginia. The International Confer- 
ence, in which the British and American associations will 
join, will be held in Pittsburgh. It is also expected that 
a number of members of the German Union of Iron Man- 
ufacturers will be present, with metallurgists from other 
European countries. 


THE last great bridge proposed is one to cross the Mis- 
sissippi at New Orleans, and plans have been prepared for 
this bridge by Mr. T. C. Clarke, the well-known engineer. 
His design is for a main bridge of three spans, the central 
one to be 1,200 ft. with a clear height of 180 ft. above the 
water, while the shore spans would be 800 ft. each. On 
account of the low level of the banks on either side of the 
river a very sharp grade will be necessary to rise to the 
height required to avoid interference with navigation, and 
it is proposed to operate the railroad line over the bridge 
on the Abt rack-rail system. The great difficulty at New 
Orleans probably will be in finding proper foundations 
for the piers, and long spans would be advisable not only 
on account of navigation, but also of the expense of founda- 
tions. A draw-bridge is not admissible at New Orleans, 
and indeed there is great opposition from the local and 
river interests to a bridge of any kind at that point. 





THE naval bill for this year is still hanging between the 
House and the Senate, and it is uncertain how large an 
appropriation will be made for new vessels, and what policy 
will be adopted in building them. As has been before 
noted, considerable opposition was manifested in the 
House to the policy of building battle-ships which was out- 
lined in Secretary Tracy’s report, and there seems to be no 
prospect at present of any progress toward the adoption 
of the extensive programme outlined by the Naval Policy 
Board. The preference of the House, as shown in the dis- 
cussions, was evidently for more cruisers if any new ves- 
sels were to be built, while the Senate is more inclined 
toward the Secretary’s plans. 

No progress has been made with the bill which provides 
for subsidizing merchant vessels, which can be used on 
occasion as a naval reserve, which can be armed and put 
into service as cruisers. Such a measure seems to have 
many advantages, and if an appropriate bill of this kind 
could be passed, good results might doubtless be expect- 
ed. The Secretary has recommended a special appropri- 
ation to provide the necessary arms and equipment for the 
battalions of the Naval Reserve which have been formed 
in New York and elsewhere, and this also seems to be a 
desirable measure, especially as the expense would not be 
great. Meantime work continues on the naval vessels al- 
ready decided upon and in progress, and the additions to 
the active fleet during this and next year will be very con- 
siderable, 

The gun appropriations are also still undecided, but 





there seems to be little doubt that considerable amounts 
will be made available for the construction of new guns 
both for the Navy and for the Army. 

As noted elsewhere, the present month will probably 
conclude the official trial trips of the cruiser Philadelphia 
and the torpedo boat Cushzng. From preliminary trials the 
Philadelphia is expected to make an excellent showing, and 
to prove herself at least as fast a vessel as the Baltimore, 
The Newark and the San Francisco will probably also be 
ready for their trial trips before long. During the present 
month also bids will be received for the new armored ship, 
and the contract for her construction will probably be let. 





IT appears from the records of the Bureat of Naviga- 
tion that there were built in the United States in 1889a 
total of 1,077 vessels registering 231,134 tons, Of these 
769 were built on the seaboard and were generally of 
small size, their total tonnage being 111,852, oran average 
of 145} tons each, The number built on the Mississippi 
and its tributaries was 83, and their total tonnage 12,202, 
an average of 147 tons each, 

The most important shipbuilding of the year was on the 
Lakes, where 225 new vessels are reported, of total ton- 
nage of 107,080 tons—which is very nearly equal to the 
seaboard tonnage. The number of vessels was much less, 
but their size greater, the average being 476 tons each. 
The lake building was thus the more important from its 
size, including a number of large carriers, 

It may be noted that the total tonnage reported for last 
year shows a large increase over 1888 and, 1887, and is 
more than three times as great as the total for 1886, 





THE pig iron production of Great Britain last year 
showed an increase of about 4} per cent. over the previous 
year, the gain being in forge and foundry irons entirely. - 
The steel production showed an increase of about 6} per 
cent., although there was a falling off of a little over 3 per 
cent. in the output of steel rails. 

The following table shows the production of pig iron 
and Bessemer steel in the United States and Great Britain 
respectively, in 1889 : 


United States. Great Britain, 


Pig irom, toms... .edeccaccoce of r.. 8,516,079 8,245,336 
Bessemer steel rails......... -.... 1,691,264 943,048 
Bessemer steel, other than rails.... 1,584,364 1,665,122 


The increase in the United States over 1888 was much 
greater than in Great Britain, the gain being 17} per cent. 
in pig iron, 9 per cent. in steel rails, and 31% per cent. in 
steel in other forms. : 

THE last report of the Hungarian State Railroads shows 
that on those lines in the year covered—1883-1889—no 
passenger was killed by accident. There were, however, 
59 employés killed and 158 injured, while of other persons 
76 were killed and 38 injured, Of this last-named class 
most apparently of the casualties resulted, as in this coun- 
try, from unprotected crossings and from persons walking 
on the track. There was a slight increase in their number 
over the previous year, which is said to have resulted from 
the increased traffic. The greatest interruptions to traffic 


recorded were not from accident, but from snow block- 
ades and floods, 

The report notes that a decrease in the number of slight 
accidents and an increase in the general convenience and 
accommodation of travellers have resulted from several 
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measures which have been adopted by the administration. 
The first of these is the increased use of continuous or 
train brakes, both the Westinghouse automatic and the 
Hardy vacuum brake being in use. In one case experi- 
ments have also been made with the Carpenter air-brake, 
but its use does not seem to have been extended, 

In the heating of carriages, experiments have been made 
with steam heating, using steam from the locomotive, and 
have resulted so favorably that this system will probably 
be adopted for all passenger trains. During the present 
season already 1,040 cars have been provided with the 
necessary equipment. 

A minor improvement has been the introduction of 
spark-arresters of American pattern, which have been ap- 
plied to several lines where a very soft coal is in use with 
greatly increased comfort to passengers and without the 
unfavorable results as to combustion which some of the 
German mechanics had predicted. 


» 
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THE MECHANICAL ENGINEERS’ CONVENTION. 





THE meeting of the American Society of Mechanical 
Engineers in Cincinnati was in many respects a successful 
one ; in point of attendance it was fully up to the average, 
and some work was accomplished. Nevertheless a certain 
amount of criticism seems to be in order. 

The papers, it must be said, were none of them of re- 
markable interest or weight, and the discussions were 
chiefly carried on by the younger and inexperienced mem- 
bers. It seems to be a mistake, too, to crowd so great a 
proportion of the business into one day, as was done on 
Wednesday. Three sessions of several hours each, filled 
up with the reading of engineering papers and discussions, 
furnish rather heavy mental diet for even a vigorous diges- 
tion. 

The great enemy of meetings of this kind is the 
temptation of excursions. Some line should be distinctly 
drawn, and it should be made a rule that it should never 
be crossed. The morning of every day of the session 
should be strictly devoted to the business and work of the 
Society, and nothing should be allowed to interfere with 
it. Unless such a rule is established and adhered to, 
there will be, each year, some special occasion for ignor- 
ing what is the real occasion for the existence of the 
Society, and for devoting the precious time of the session 
to what is alluring and pleasant, but which is sure in time 
to undermine the organization. An afternoon excursion 
or visit is a pleasant diversion after a morning of papers, 
which are often not light reading ; whereas a whole day’s 
work or a whole day’s play is too often tiresome. 


» 
o> 


IRRIGATION. 





THERE are few subjects which just ut present occupy a 
larger share of public attention than that of the artificial 
supply of water to the lands extending through a large belt 
in the Western States and territories, where the rainfall is 
not sufficient or does not come in the right season to make 
the raising of crops without irrigation possible or profitable. 
Projects for the improvement of sections of this region 
abound, and seem to offer excellent investments for capi- 
tal; and it is very probable that in the course of the next 
few years a large amount of money will be expended in 
this way. 





It is quite possible, however, that a considerable portion 
of this money will be wasted or spent in such a way as to 
realize only a part of the benefits that might be secured, 
and while there is undoubtedly a large field open, it is 
necessary to be very careful, if we would secure the great- 
est possible benefits from its development. 

Attention is called to this by an article in the March num- 
ber of the Century Magazine, written by Major J. W. Powell, 
the Chief of the Geological Survey, who has had abundant 
opportunities of studying this subject, and who has prob- 
ably a more systematic and thorough knowledge of the 
capabilities of the Western country than almost any other 
man, so that what he has to say upon the subject is well 
worth listening to. 

There is no doubt that a large part of the land included 
in the so-called Arid or Desert Belt of the West is capable 
of raising profitable crops under proper conditions, and 
there is little doubt also that the total rainfall of that re- 
gion, supplemented by the melting snows from the moun- 
tain ranges, is sufficient to fertilize the land if properly ap- 
plied. In some portions of it the rainfall is sufficient in 
amount, but does not come at the proper season, while in 
others, where the amount falling on a given area is not great 
enough, there are adjoining barren or rocky districts, the 
rainfall from which can be collected and applied to the 
better lands. That this should be done in the most econ- 
omical manner is really to the interest of the whole coun- 
try. 

Two things are to be considered in any irrigation proj- 
ect: The nature of the land and the nature and sources of 
the water-supply. There are some kinds of soil on which 
irrigation would be useless, and there are some locations 
where the land may be good and water available, yet the 
climate may be such as to make its cultivation unprofita- 
ble, as, for instance, on high plateaus or in mountain val- 
leys, where late and early frosts frequently occur, and where 
other conditions may intervene to prevent the proper 
ripening of grain or fruits. The danger is in this case, as 
in many others, of the too hasty assumption that all irriga- 
tion will be profitable, and that all that is necessary is to 
have water and land and to apply one to the other. 

It must be remembered that while there are many in- 
stances in which small areas of land can be supplied with 
water from wells or local springs, in a great majority of 
cases the proper utilization of water for this purpose re- 
quires so considerable an expenditure of capital that it can 
only be done by corporations either formed by local land- 
owners or organized for the purpose of making a profit by 
selling the water. This has been done successfully in some 
cases, especially in California and Arizona, and both sys- 
tems will probably be extended rapidly during the next 
few years ; and here may arise further danger in the con- 
flict of rights of different owners and in the waste or mis- 
application of water owing to bad methods and want of 
system. In many cases storage reservoirs will be needed 
for supply during the dry season, and these must often be 
placed at considerable distances from the points where the 
water 1s to be used. In others, where water may be drawn 
from a river or stream at different points and by different 
owners, a proper system of storage can only be secured 
by a union of private interests, which it is not always easy 
to obtain voluntarily. Again, it is possible for a district 
on the lower part of a river to be deprived of its just rights 
by the action of those controlling the head-waters, and, in 
short, there are a great number of cases in which injustice 








Vol. LXIV, No. 6.] 


ENGINEERING JOURNAL. 











may be done or natural resources wasted and thrown away 
largely from the ignorance of want of consideration. 

It is evident that the great need of the so-called Arid 
Region is a general system of regulation of water rights, 
Under the present condition of things this can only be 
done by the General Government, under whose direct con- 


troi a considerable part of the territory still is. The State 
of Colorado has a system of water laws which are said, by 
those familiar with the subject, to be the best in existence, 
but elsewhere disputes are already arising, and the con- 
dition of the law is such that much injustice is possible. 
Probably the most that the Government can be expected to 
do is to complete the explorations which have been under- 
taken by the Geological Survey with special reference to 
irrigation, and to provide a general law for the territories 
which may serve as a model for State action. It will, no 
doubt, be asked to go further and to undertake at certain 
points the construction of dams and other works to provide 
storage reservoirs, and generally to assist in reclaiming 
this region. Whether it will be wise for the Government 
to undertake this is a question which admits of a great 
deal of doubt, and any movement in this direction will be 
strongly opposed. But there is no doubt that the regula- 
tion of the subject by law is much needed, and that action 
should be taken as soon as possible. 
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NEW PUBLICATIONS. 








THE HuMAN Beast OF BurDEN: BY OTIS T. MASON, CuRA- 
TOR OF THE DEPARTMENT OF ETHNOLOGY, NATIONAL Mu- 
SEUM. Washington; published by the Smithsonian [nstitu- 
tion. 

This book is curious and interesting from the showing it 
makes of the contrast between primitive methods of transporta- 
tion and our present ones. It is an investigation into the ex- 
tent to which man bimself has acted as a carrier, and the 
capacity which he has shown as a bearer of burdens. It seems 
strange to us, but it is nevertheless true, that there is a large 
part of the world in which men and women are the chief, if not 
the only, beasts of burden, and that no inconsiderable part of 
the world’s freight is carried on their shoulders. Even in our 
own country burdens are still carried and, to go no further, 
one can meet any day the peddler with his pack, usually a 
pretty heavy load. In fact, the loads which a man can learn to 
carry are almost incredible to those who have not seen them. 





THE REviseED PockeT GEOLOGIST AND MINERALOGIST ; OR, 
S(xrkEN CHAPTERS ON CoAL, O1L, ORES AND OTHER MIN- 
ERALS, FOR PRACTICAL PgoPLe: BY FREDERICK H. SMITH. 
Baltimore, Md.; published by the Author. 


This is a revision and a combination of two former volumes 
by the Author, who is a well-known engineer and geologist, and 
is carefully revised to bring it up to date. It is of small size, 
convenient to be carried in the pocket, and contains 208 pages 
of reading matter, accompanied by a full and carefully prepared 
index. It is not, as may be supposed from its limited size, a 
complete or scientific treatise on geology, but it is what it pro- 
fesses to be, and that is an exceedingly convenient hand-book 
for engineers and others engaged in explorations in the field. 
The object has been to avoid as far as possible purely scientific 
dissertations, and to-make the hand-book practical and easily 
understood. The 16 chapters include one on Bottom Facts 
which is introductory and explanatory, while the others are on 
Coal Measures ; Oil and Gas ; Iron and Manganese Ores ; Gold 
and Silver Ores ; Copper and Tin Ores ; Lead and Zinc Ores ; 
Nickel, Cobalt and Chrome Ores ; Antimony, Mercury, Platinum 
and other metals; Gems and Precious Stones ; Ornamental 





and Building Stones ; Cements and Clays ; Salts and Fertil- 
izers; Mineral Paints ; Grits and Spars ; Other Valuable Min- — 
erals. 

This table of contents wil! give some idea of the general scope 
of the book, and will also show that it has been necessary to 
condense as much as possible the information given in order to 
cover the wide range of subjects. While those who make geol- 
ogy a study will probably require more elaborate books, there 
are none that will be found more practically useful in this di- 
rection. 


DriviNG ROAD CHART OF THE COUNTRY SURROUNDING NEw 
York City. New York; William M. Goldthwaite, No. 
107 Nassau Street. 


This is an excellent specimen of a good loca] map ; how use- 
ful such a map may be—outside of the special purpose for 
which this is intended—many of our readers can tell from ex- 
perience, both of use and of trouble caused by the lack of one. 

The present map shows the country to a distance approxi- 
mately covered by a circle of 20 miles radius, with the City 
Hall in New York as a center, showing within those limits not 
only all the towns, villages, railroads, and streams, but all the 
roads and very many of the houses outside of the towns. It is 
clearly engraved and on a scale large enough to avoid confusion 
or indistinctness through the use of too small lettering. For 
convenience in consultation and to avoid the necessity of 
spreading out too large a sheet, it is mounted in four sheets, the 
first showing the country west of the Hudson from Fort Lee to 
Haverstraw and as far west as Pompton in New Jersey ; the 
second, New Jersey as far south as New Brunswick and as far 
west as Montclair, with the whole of Staten Island ; the third, 
Long Island as far east as Hempstead ; the fourth, the upper 
part of the City itself, Westchester County up to Sing Sing, and 
the towns of Greenwich and Stamford in Connecticut. It thus 
includes nearly all the country closely connected with New 
York, and about all that can be conveniently covered in a day’s 
drive in either direction. The four sheets are mounted in a 
handsome leather case of convenient size to be carried. 

Altogether this map leaves little to be desired, and the multi- 
plication of such maps will be a service to engineers and many 
others. 
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BOOKS RECEIVED. 





INSTITUTION OF MECHANICAL ENGINEERS: PROCEEDINGS, 
OctToBeR, 1890. London, England; published by the Insti- 
tution. 


SEVENTEENTH ANNUAL REPORT OF THE NEWPORT WATER 
Works TO THE BOARD OF COUNCILMEN FOR THE YEAR END- 
ING DECEMBER 31, 1889. Newport, Ky.; published for the 
Trustees, 

SEVENTH ANNUAL REPORT OF THE BOARD OF RAILROAD 
ComMISSIONERS OF THE STATE OF New YorK FOR THE FISCAL 
YEAR ENDING SEPTEMBER 30, 1889 ; Vol.umx% I]: Witiiam E, 
Rocers, Isaac V. Baker, Jr., MICHAEL RICKARD, Commis- 
SIONERS. Albany, N. Y.; State Printer. 


PAPERS READ BEFORE THE ENGINEERING SOCIETY OF THE 
ScHOOL OF PRACTICAL SCIENCE, TORONTO: EDITED BY THE 
COMMITTEE ON PUBLICATION. Toronto, Ont.; published for 
the Society. 


REPORT ON THE EXTENT OF THE First WorKS TO BE CON- 
STRUCTED FOR SUPPLYING WATER TO SyRacusE, N. -Y.: BY 
J. J. R. Crogs, C.E. New York ; the Engineering and Build- 
ing Record Press. 

STATISTICAL ABSTRACT OF THE UNITED STATES; 1889, 
TWELFTH NUMBER: PREPARED BY THE BUREAU OF STATISTICS 
UNDER THE DIRECTION OF THE SECRETARY OF THE TREASURY. 





Washington ; Government Printing Office. This number of 
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the Abstract gives statistics relating to Finance, Coinage, Com- 
merce, Immigration, Shipping, Postal Service, Population, Rail- 
roads and Agriculture. : 
SixTH ANNUAL REPORT OF THE PHILADELPHIA COMPANY, 
FOR THE YEAR ENDING MARCH 31, 1890. Pittsburgh, Pa.; is- 
sued by the Company. This report gives the reader some 
idea of the extent of the use of natural gas in Pittsburgh. The 
Philadelphia Company now owns 201 producing gas wells and 
703.23 miles of pipe lines. Its gross earnings last year 
amounted to $3,162,150 and the net earnings to $131,721, 
leaving a profit sufficient to pay dividends of 7 per cent., besides 
large payments for extension of plant and reduction of debt. 


REPORTS OF THE CONSULS OF THE UNITED STATES ; No. 114, 
MARCH, 1890: PREPARED BY THE BUREAU OF STATISTICS, 
DEPARTMENT OF STATE. Washington ; Government Printing 
Office. 

CORNELL UNIVERSITY, COLLEGE OF AGRICULTURE: BULLE- 


TIN OF THE AGRICULTURAL EXPERIMENT STATION, MARCH, 
1890. Ithaca, N. Y.; published by the University. 


i A TEst oF THE EFFICIENCY OF A WESTINGHOUSE ALTERNAT- 
ING CURRENT ELECTRIC LIGHTING PLANT: BY HAROLD P. 
Browne. New York. 


Tue Sewer GAs QueEsTION: By E. S. McCLELLAN, M.D. 
New York ; issued by the Du Bois Manufacturing Company. 


THE PELTON WATER-WHEEL: ILLUSTRATED CATALOGUE AND 
DescripTION. San Francisco, Cal.; issued by the Pelton 
Water-Wheel Company. : 


DirEcTORY OF PATENT SOLICITORS: VoLUME I, No. 1, 
Aprit, 1890. New York; E. de V. Vermont. This directory 
purports to give a list of patent lawyers, patent experts, patent 
agents, pattern and model makers, designers and draftsmen, 
trade papers, technical publishers and manufacturers specially 
interested in new inventions—a pretty comprehensive under- 
taking. It will be issued quarterly. 


Tuer RICHARDSON BALANCED SLIDE VALVE: ILLUSTRATED 
CATALOGUE AND DescrIPTION. Troy, N. Y.; issued by the 
Estate of F. W. Richardson, H. G. Hammett, Manager. 


TAUNTON LOCOMOTIVE MANUFACTURING COMPANY, BOILER 
DEPARTMENT : ILLUSTRATED CATALOGUE AND ANNOUNCEMENT 
FOR 1890. Taunton, Mass.; issued by the Company. 
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ABOUT BOOKS AND PERIODICALS. 





THE last quarterly number of the PROCEEDINGS of the United 
States Naval Institute is given up entirely to the report of the 
Naval Policy Board, which has, of course, great interest for 
naval officers, and which is likely to call out much discussion 
among them. ; 


The third of Major Powell’s articles on Irrigation appears in 
the May CENTURY, and treats of the legislation ahd regulations 
needed to control water rights in the irrigation districts—a time- 
ly and important paper. 

| The Engineering Society of the State University of lowa has 
issued the April number of the TRANSIT, its official paper, in 
excellent style. It is well printed and contains several excel- 
lent papers, notably one on Tests of Iron and Steel, one on the 
Sewerage of lowa City, and one on the Location of Bridges. 
The TRANSIT is certainly a credit to the Society. 


In OuTING for May the second part of the paper on the Ala- 
bama State Troops is given. There are several papers on 
Yachting, with illustrations of some noted English boats, and 
other timely spring articles. 

The AMERICAN MACHINIST has increased its size from 16 to 


20 pages—an evidence of well-deserved prosperity which it is 
very pleasant to see. 





In the JourNAL of the Military Service Institution for May 
will be found the second part of Lieutenant Bush’s Develop- 
ment of Submarine Mines and Torpedoes. Other articles in- 
clude Infantry Drill, by Lieutenant-Colonel Hawkins ; Arrtil- 
lery during the Rebellion, by Captain Hubbell ; Practical Work 
for Infantry, by Lieutenant Avis; the Military Situation in 
France, by Lieutenant Lockwood; a Regimental Court of 
Honor, by Lieutenant Wills, and the usual translations and 
current notes. 


In the ARENA for May there is a paper of more than ordinary 
interest on Rock Gases, by Professor N.S. Shaler. Mr. John 
H. Keatley gives an account of the Gold Fields of Alaska in 
which he speaks from actual observation in that little known 
territory. 


In the OVERLAND MONTHLY for May Mr. Vassault brings out 
strongly the fallacies of Senator Stanford’s plan for the relief 
of farmers. The second part of Mr. Hallidie’s Study of Skilled 
Labor Organizations is a very good paper ; there is also a curi- 
ous article on Chinese Education and Western Science, by Kaw 
Hong Ben, showing the views of the small progressive element 
in China. 
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THE BROOKLYN DRY-DOCK. 





THE great dry-dock at the Brooklyn Navy Yard was 
opened on May 10, the first vessel to enter it being the 
Puritan, The dock was built by J. E. Simpson & Com- 
pany, on the plan devised by Mr. Simpson, which has 
proved very successful. 

The construction of this dock was commenced in Decem- 
ber, 1887. The time limit expressed in the contract was 
24 calendar months, but many difficult engineering prob- 
lems were encountered, otherwise the structure would have 
been ready to receive a vessel last July. This dock is built 
upon pile foundations throughout, the floor piling being 
driven in rows, spaced 3 ft. between centers transversely 
and 4 ft. longitudinally, upon which heavy fore-and-ait 
timbers of Georgia pine are fitted longitudinally. Upon 
these fore-and-aft timbers, placed transversely, 4 ft. be- 
tween centers, are firmly secured heavy Georgia pine floor 
timbers. Upon these floor timbers are laid longitudinally 
Georgia pine planking, thus forming the working floor. 

The keel blocks are additionally supported by four rows 
of piles, and capped with heavy Georgia pine timber, run- 
ning fore-and-aft of the dock. The heads of all founda- 
tion piles are also enclosed in a continuous bed of Portland 
cement concrete, which concrete also fills all spaces be- 
tween timbers, and rises to the planking or working floor. 
Open concrete drains or sluiceways are provided on each 
side of the keel way beneath the floor timbers leading to 
the drainage or culvert and well, near the entrance of the 
dock. The sides and head of the dock have an inclination 
of about 45°; the altars or steps are all of Georgia pine 
timber, having a rise of 8 in. and Io in, tread, securely 
bolted to side-brace timbers, which are supported by piles 
and abut upon the ends of the floor timbers. The altars 
are backed with clay puddle as the sides are built up, and 
the five upper courses of altars and the coping are thor- 
oughly treated with wood-creosote oil. The bilge blocks 
slide upon oak bearers placed upon every third floor timber. 

The iron caisson for closing the dock bears against rub- 
ber packing attached to sill and abutments the whole length 
of the keel and stem, no grooves being used. Two gate 
and caisson sills are provided, the outer one for use in re- 
pairing the main or inner sill. Means of ingress or egress 
are provided by the continuous altars or steps of the dock, 
thus materially aiding dispatch and economy in the work 
of repairs to vessels occupying the dock. 

The dimensions of this dock are as follows : Length over 
all on coping, 530 ft.; length over all inside of caisson, 500 
ft.; width on top amidship, 130 ft.; width on floor amidship, 
50 ft.; width on floor at entrance, 53 ft.; width on top at 
entrance, 85 ft.; depth of gate sill below coping, 50 ft 6 
in.; depth of gate sill below high water, 25 ft. 6 in. 

The machinery for operating the dock consists of two 
centrifugal pumps, each 42 in, in diameter, driven by two 








{ 
" 
: 








Vol. LXIV, No. 6.) 


ENGINEERING JOURNAL. 















vertical engines 28 in. diameter of cylinder by 24 in. 
stroke, with adjustable cut-offs, steam power being fur- 
nished by three steel boilers 13 ft. diameter and 11 ft. long. 
The entire pumping plant was furnished by the Southwark 
Foundry & Machine Company, of Philadelphia. These 
pumps have a capacity of over 80,000 gallons per minute, 
enabling the dock to be emptied of water (without a vessel) 
in about 90 minutes, and with a vessel of moderate dis- 
placement in much less time. The dock is filled by means 
of culverts running through the caisson ; there are eight 
flood gates, each 22 in. in diameter, operated by hand 
wheels on pump back of caisson. The contract price for 
the dock complete was $565,893. 

In addition toa number of docks built for private parties, 
Messrs. J. E. Simpson & Company last year completed one 
at the Norfolk Navy Yard, and they are now building an- 
other for the Government at League Island on the Delaware. 
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TRANSITION, OR EASEMENT CURVES. 








To the Editor of the Railroad and Engineering Journal: 


Let A B, fig. 1, be a simple curve of degree D connect- 
ing the tangents A Vand B V, the ends of which are to 
be replaced by transition curves beginning on the same 
tangents and ending at a given number of chains from 
A and 2B. 

Suppose, for example, A P, to be two chains in length, 
and suppose it replaced by a transition curve A’ P P, P2 
beginning at A’, achain back of A. Let x, y, and z rep- 
resent the degrees or central angles of the three branches 
of the transition curve. 

We havex+y+2=2D (1). 

Since the inclination of the chords 4 P, P P,, and P,; Py 
to the tangent 4 4’ aref}x,x++hy,4+ y +42, we have 
AP=csin.42x 


4Pis¢ (sin. $x + sin. (+ + +y)) 


tb Pose (sin $x+sin. (x+4 y)+sin. (x+y+4 z)) (2). 


X being the point on the D-degree curve one chain from 
A (just above ?,), we have 
“;K=csin. 4D 
t, Pa = ¢ (sin. ¢ D + sin. 5 D) (3). 
We may, in equations (2) and (3), suppose the sines to 
vary as the arcs, since the terms are small, and since, too, 
the terms of equation (3) are nearly equal to the corre- 
sponding terms in equation (2). This supposition gives 
tr+eteyt+@tyt+in=tD+iD 
Now, since we have three independent quantities, x, y, 
and z, and only two equations connecting them, we may 
make any assumption in regard to them. We will assume 
that x, y, and z are in arithmetical progression, or that 
2y=x+2 (5). 
Eliminating z trom equations (1) and (2), and from (1) and 
(3), we find 


t+4y=4D,or2zr+y=D (6) 

and y=#D (7). 
Now (4) gives s#=21D (8) 
and s={D (9). 


Since x + $y measures the arc from 4’ to the middle of 
P P,, and 4D measures the arc from A to the middle of 
A K, it follows that the chords PP, and A KX are paral- 
lel, and that the points P and P, are equally distant from 
the original curve. This facilitates the laying out of the 
curve. Since the deflection angles from the tangent at Ps 
to P, is +, D, and to XK is ; D, we have 

KP, =A P = P, P, sin. py D. 

Hence the degrees of the three branches of a transition 
curve to replace a 6° curve are } X 6° = 1°, 4 xX 6° = 4°, 
and} x 6° = 7°, 

To replace a 13° curve the degrees of the branches are, } 
x 13° = 2° 10’, §X 13° = 8° 40’, J X 13° = 15° 10’, ete. 
Of course the chains or chords may be of any length, and 
it is not necessary, but convenient, to have them of equal 
length. 


Substituting the above values of x, y, and z in equation 
(2), and subtracting equation (3) from it, and representing 
the difference by d, we have 


d = c (sin. ¥, D + sin. 43 D — sin. ¥ 
= ¢ (sin. id D — (sin. af D— sine (11). 
Since d is very small, but positive, we see that running the 
transition curve from P; toward A’, the end of such curve 
would fall slightly above the tangent (A V’) to the original 
curve. For rather an extreme case, suppose D = 12°, the 
central angle A O P, being 24°, and ¢ being too ft., we 
have 
d = 1.745 + 29.237 — 30.902 = .08 ft. 
If D = 6°, we have 
d = 100 (sin. 30’+ sin. 8° 30’ — sin. 9°) 
= .873 + 14.781 — 15.643 = .o1 nearly, 


The curve necessarily ends on the tangent 4 I, fig. 1, 
or on 4’ A fig. 2; fig. 2 being an exaggerated view of a 
part of fig, 1, the same letters on both figures referring to 
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the same parts. We may run the curve from P to G, the 
deflection angle at P being, of course, the same as for the 
curve P H, namely, 4 D, the angle at O’ being equal to 
the angle at O—that is, to} D. The chord PG being less 
than P Hand the radius P O’ less than P O, the degree 
of the branch PG is greater than that of P ZH, viz., } D. 
Knowing A’ H, P A, and H P =c= 100 (say), HGorG . 
P is easily found by similar triangles ; but it is not neces- 
sary to consider them. Of course the curve ends at A’ in- 
stead of at G, which has no effect except to slightly lengthen 
and flatten the curve P G, making, to that extent, a transi- 
tion curve of it. 

To lay out the curve, suppose A X P, to be located. 
Then, since at P; the deflection for the curve A K P, is $ 
D,and the deflection for the curve A P,; Pris $ GD), 
the difference is equal to 4, D. /P, is therefore inside of 
K a distance equal to ¢ sin. 4, D. Moreover, by the first 
assumption the chords P P, and A K are parallel, there- 





fore P is likewise inside of A a distance equal to ¢ sin. 
7s D. Set P and P,, therefore, each at a distance ¢ sin. 
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¥ D, from A and XK respectively, and A’ on the tangent 
V and a chain from A. 

Example 1. Itis required to substitute a transition curve 
three chains in length in place of two chains of a 5° curve. 
We have J, D = 25’ and too sin. 25’ = .727. Set P and 
P; .727 of a foot inside of A and X and 4’ on the tangent 
one chain from P. 

Example 2. To replace four chains of a 7° curve with 
a transition curve six chains in length: ,, D = 35’. Let 
Af =P P= PA= 2 chains, Then KP, = AP = 
200 sin. 35’ = 2.036it. This gives the position of Pi, P 
and A’, and the intermediate stations can be set by middle 
ordinates at a distance 6.1 ft. from the middle of the chords, 

To lay out a transition curve with the insrument: We 
observe that the chords P P, and P; /,, in fig. 3, being per- 
pendicular to the radii bisecting them, the angle between 
either chord and the prolongation of the other is equal to 
half the sum of the central angles 0, and QO, or to 
4G 3D+4D)= 14 D. But the angles at Pand P, 





are equal, and therefore either is equal to 3} D. Set 
the instrument at /., therefore, 


the subject admits of a simple and practical solution. I 
therefore have no hesitancy in submitting the table for 
spiralizing curves used on this road, together with diagram 
and explanation, and will venture to say that no competent 
transitman will meet with any difficulty in applying the 
same in the field. Neither will any competent transitman 
have any difficulty in retracing the curves as originally 
run, even if the original points be lost. Mr. Brown, in the 
letter referred to, advocates the use of 30-minute curves at 
the ends of all curves to ease the shock of trains at the 
tangent points, giving as his reason that while a curve of 
this kind answers every purpose, it ‘‘ can be retraced by 
any person-who can run a transit, even if the point of tan- 
gent is lost.’” I am unwilling to admit that this method 
of easement ‘‘ answers every purpose,’’ for I cannot see 
how a 30-minute curve compounding abruptly into a curve 
of shorter radius can dispose of the shock so effectually as 
the spiral curve. The method of spiralizing curves ex- 
plained in the table has given excellent satisfaction wher- 
ever used, and I can see no objection to its use from either 





and turn off from the tangent 


4+XiD=¥, Dand set P,; then TABLE 


FOR SPIRALIZING CURVES. 
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change the relative lengths of the 
branches of the transition curve. 
Transition curves, just as required 
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has been in course of preparation 
by the writer for some years and is 
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TANGENTS wiTH A Curve, USING SPIRALS. Set 


eat 

+3')= 
turn Tangentat RC, back- 
calculate deflections for shortened radius,adnd put in Cir- 


. Move instrument To PT and back- 





P. H. PHILBRICK, SeirRaL TABLE 


.. LENGTH OF STANDARD SuB-cHoRd=30 FT. 






























































Chief Engineer Kansas Cit ; 
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Others condemn the use of the 
easement curves on the ground 
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road Gazette over the signature 
of Mr. William H. Brown, Chief 
Engineer of the Pennsylvania 
Railroad Company, as follows, 
viz,: ‘* The elastic curve theory 


~, Curves 
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DIAGRAM. 





is all very nice in an office or 
college class-room, but I will venture to say that the 
people who are so enthusiastic in regard to this matter 
could not turn the curve twice in the same place on the 
ground.’’ Now this may apply to instances where the 
subject has been treated from a purely theoretical stand- 
point, but I am one of those enthusiasts who believe that 


a theoretical or practical standpoint. It may be stated 
that shorter chords may be used if deemed advisable, or 
on account of sharp curves or short tangents. 
FRANKLIN RIFFLE, 
Chief Engineer Oregon & Washington Territory Rail- 
road, 
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THE LATEST ITALIAN CRUISER. 





THE latest addition to the Italian Navy is the Fzera- 
mosca, which is classed as a ‘‘ torpedo ram,’’ and which 
has been recently completed, the plans having been pre- 
pared under the direction of Commandante Vigna. The 
i lp illustration, from Ze Yacht, is a general 
view of the vessel. 

The Fieramosca is 88.40 m. (289.95 ft.) in length ; 13.20 
m. (43.296 ft.) in width; has an extreme draft of 5.90 
m. (19.35 ft.) and a displacement of 3,745 tons. She has 
two screws, each driven by a separate engine, and on the 
trial trip obtained a speed of 18.6 knots per hour, the en- 
gines developing 7,500 H.P. The hull is entirely of steel, 
and the machinery and magazines are protected by a heavy 
armored deck, The coal capacity ot the bunkers is 590 
tons, 

The main battery includes two 25-cm. (9 84-in.) guns, 
weighing 25 tons, each mounted in pivot, one forwara and 
the other aft, and six 15-cm. (5.90-in.) guns mounted in 
draw side, There is a secondary battery of machine guns 





Mr. Kelley and others, the United States Government has 
paid the closest attention to the examination of this section 
of the dividing ridge; and it was not until every ravine 
had been examined, each stream inspected, from its mouth 
till its waters were lost in the mountain streams, that the 
Canal Commissioners were satisfied with the examination. 


XVI.—THE CALEDONIA BAY—SAN MIGUEL ROUTE, 


The numerous early explorations of this route have been 
alluded to. After the United States Government com- 
menced systematic surveys, the Isthmus of Darien was 
again explored, in ‘1870-71-73, by Captain Thomas O, Self- 
ridge, U.S. N. 

With regard to this line, two routes were here consid- 
ered: one from Caledonia Bay, by way of the Savana 
River, to the Gulf of San Miguel ; the other by way of the 
Sassardi and Morti rivers. 

Selfridge’s surveys showed for the former a lowest 
divide of 1,000 ft., with insufficient water for lockage ; for 
the latter a line of levels showed that the Morti River 
itself, when first struck, had an elevation of over 300 ft. 
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THE ITALIAN TORPEDO RAM, “ FIERAMOSCA.” 


and revolving cannon, and six torpedo tubes. The 25-cm. 
(9.84-in.) guns have been proved on trial to give very good 
results. One of these guns, with a charge of 104 km. 
(229.28 Ibs ) of battery and a projectile weighing 204 km. 
(449.758 lbs.), had an initial velocity of 617 m. (2023.76 ft.) 
and a penetration of 666 mm. (26.22 in.) in iron, or 452 mm. 
(17.795 in.) in steel, being nearly as much as the 1oo-ton 
guns of the Italian Navy. Both these and the 15-cm. 
bob at guns have a very long range. 

wing to the excellence of her armament, her speed and 
ease with which she was handled on trial, it is expected 
that this ship will be very formidable in action—more so, 
perhaps, than some of the very heavy battle-ships for which 
the Italians have shown a preference heretofore. 


» 
> 


INTEROCEANIC COMMUNICATION BY WAY 
OF THE AMERICAN ISTHMUS. 








By LIEUTENANT HENRY H. BARROLL, U.S.N. 





(Comtinued from page 206.) 
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XV.—THE ISTHMUS OF DARIEN, 


THE Isthmus of Darien, situated south of the Isthmus 
of Panama, has long been regarded as the most prominent 
section for canal construction, 

Notwithstanding the failure of the early attempts under 





All search failed to find any indication of the 150-ft. 
pass which had been recorded by Gisborne. 


XVIIL—THE TUYRA ROUTES. 


Several routes were proposed, extending from the Gulf 
of Darien, by way of the Uraba and Tuyra rivers, to the 
Gulf of San Miguel. Surveys of these routes were made 
in 1871 by Selfridge and Lull, the results of which served 
to show the utter impracticability of these schemes, the 
harbors being the only good features, 

The length of actual canal here would be 55 miles; and 
its cost, based upon a system of lockage, with a summit 
level of 160 ft., would exceed $250,000,000, 


XVIIIL—THE TRUANDO-ATRATO ROUTE, 


This scheme contemplated a canal without locks, the 
western section of the canal being supplied with water 
from the Atrato River. 

The initial point of the canal, which was also its summit 
level, was a point on the Atrato River, 32 ft. above the 
sea-level. It was proposed at this point to divert a por- 
tion of the Atrato River through a tunnel 12,250 ft. in 
length, passing underneath the dividing ridge and striking 
the Chuparador, proceeding by that river and the Para- 
chuchichi to the Pacific. 

Notwithstanding the complicated nature of a canal b 
this route, its estimated cost was only $134,450,000, and it 
for some time held the attention of the Canal Commis- 
sioners. 
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XIX.—THE ATRATO-NAPIPI ROUTE, 


This route contemplated starting from the Gulf of 
Darien, ascending the Atrato River for some 140 miles, 
thence by a lock-canal and tunnel to Chiri Chiri Bay on 
the Pacific. 

Several surveys were made here, in 1870-71-73, by 
Captain Selfridge, the projector of the route, and later, in 
1875, a survey was made by the late Lieutenant Frederick 
Collins, U. S. N., who located the entire canal line, This 
route was also presented to the Paris Conference for their 
consideration, but was not successbul in receiving the 
support of that body, notwithstanding the fact that careful 
estimates had placed the probable cost of its construction 
at less than $100,000,000. 


XX.—OTHER ROUTES BY WAY OF THE ATRATO. 


All other routes which contemplated using the Atrato 
River were definitely shown to be inferior to the Atrato- 
Napipi route, which, as finally projected by Selfridge, was 
clearly shown to be the most practicable, the least expen- 
sive, and affording the most natural advantages of all of 
the ‘* Tunnel Routes.’’ The other routes in this vicinity, 
after the projection of the Napipi route, were definitely 
abandoned, 

There are many who still believe that a tunnel route is 
practicable ; while others assert that these vast tunnels 
would, in this climate, become pest-holes, reeking with all 
forms of disease. 


XXI.—THE PANAMA CANAL COMPANY. 


The antecedents which led to the formation of the Pan- 
ama Canal Company require explanation. 

In October, 1876, a Society which had been lately 
formed in Paris, and which styled itself the ‘‘ Société In- 
ternationale du Canal Interoceanique,’’ authorized Lieu- 
tenant L. N.-B. Wyse, of the French Navy, to proceed to 
Central America, and make explorations for a canal route. 

Notwithstanding the title of this Society, it was simply 
a speculative company, of which General Turr was Presi- 
dent, and the directing spirit of which was M. de Lesseps. 

Lieutenant Wyse was instructed to examine the route 
from the Gulf of Uraba (Darien) to the Gulf of San 
Miguel, by way of the Atrato, Carcarica and Paya rivers ; 
and in case of difficulties presented by this line, to explore 
** any line that seemed feasible to the south and east of the 
line joining Capes Tiburon and Garachine.”’ 

The reason for this instruction may have been that all 
territory immediately to the north of this line was included 
in the grant to the Panama Railroad Company. The right 
of way through this would have to be purchased, and it 
would therefore seem that Lieutenant Wyse was not so 
much to seek the dest dine as the best line in a territory 
where the ** Société’’ could secure a concession and profit 
by its sale. 

These instructions were submitted to and approved by 
M. de Lesseps. 

The cupstition under Lieutenant Wyse was composed 
of 1o engineers and seven or eight assistants. Starting on 
the Pacific, they made, during a period of four months, in 
1876-77, explorations over this route, during which explora- 
tions no part of the expedition penetrated to the Atlantic 
Coast. 

Two canals were nevertheless proposed and elaborated. 
One, a lock-canal, by way of the Tuyra and Caquerri rivers, 
and another, a tide-level canal, by way of the Tupisa, 
Tiati and Acanti-Tolo rivers. 

The latter route was explored under the personal super- 
vision of Lieutenant Wyse as far as its junction with the 
Tiati, or only half of the distance which it was proposed 
to canalize. The remainder of the line was not even re- 
connoitered ; yet M. Wyse felt competent to estimate to 
within 10 per cent. the cost of a canal here. 

In October, 1877, M. Wyse and party again returned, 
under orders from the same Société, to make further sur- 
veys upon this and other possible routes. M. Wyse’s 
special mission, this time, seems to have been the negotia- 
tion with the Colombian Government concerning conces- 
sions, and in his absence the surveys were under the charge 
of M. Reclus. 





They made surveys across the San Blas-Bayamo route, 
and also explored several other river valleys. Between 
April 3 and April 20, 1878, the party ran a line of survey 
along the route of the Panama Railroad, with a view to the 
construction of a tide-level tunnel canal. The survey con- 
sisted of level lines and cross-sections continued up to 
the extremities of the proposed tunnel, and did not con- 
tinue over the divide. 

Shortly after this survey of the Panama line had been 
concluded, M. Wyse returned from Bogota to Panama, 
having been successful in securing from the Colombian 
Government a concession covering the whole of the terri- 
tory of the United States of Colombia, which, therefore, 
gave the Société exclusive right of way over all of the pro- 
posed routes except those of Nicaragua and Tehuantepec ; 
while it was well known, by this time, that a canal by way 
of the Isthmus of Tehuantepec was impossible. 

M. Wyse left Panama for Greytown, Nicaragua, exam- 
ined that harbor, and had some correspondence with the 
President of the Republic of Nicaragua, but was evidently 
not successful in getting control of this canal route for the 
company of which he was the agent. 

Plans were made for canals of the following dimensions : 


We REO, Siniencbck Bho 6 oSk neds: jee ccn st ncwiews 20 meters. 
Breadth at 3 meters from the bottom ..............+++- 26 meters. 
Breadth at water-surface, according to nature of the 

GR ite pdb b eho ias ies nah devas ee dees sad} 32 to 50 meters. 
Depth at mean low tide........... sedoks isedbugeeeéeu 8.5 meters. 

Tunnel : 

Baad ENO yg oi. dae KactedKe.. cose cs cassdccsedes 20 meters. 
Breadth at -water-surface..........cccecses sesceecvees 24 meters. 
Height above level of the water....... ... .....s.0e- 34 meters. 


With these dimensions, and the data procured from the 
Wyse surveys of 1876-77-78, estimates were made for the 
following canal routes, 25 per cent. being allowed for con- 
tingencies : 

1. A lock-canal via the Atrato, Caquerri and Tuyra 
rivers: Length, 128 kilometers ; height of summit level, 
50 meters ; locks, Atlantic side, 10 ; locks, Pacific side, 12. 
The summit level to be a lake formed by dams across 
ravines in the valley of the Tuyra. Estimated cost, from 
650,000,000 to 700,000,000 francs. 

2. A tide-level tunnel canal via the Tupisa, Tiati and 
Acanti-Tolo rivers: Length, including tunnel, 74 kilo- 
meters ; length of tunnel, 17 kilometers ; estimated cost, 
about 600,000,000 francs. 

3. San Blas tide-level tunnel canal via the Bayamo and 
other streams : Length, 41.5 kilometers ; length of tunnel, 
15.8 kilometers ; estimated cost, about 475,000,000 francs. 

4. Panama tide-level tunnel canal véa Chagres and Rio 
Grande rivers: Length, 73.2 kilometers ; length of tun- 
nel, 7,720 meters ; estimated cost, 475,000,000 francs. 


XXII.—THE PARIS CONFERENCE, 


In 1879 an International Conference was held in Paris, 
with a view to discussing the question of an Interoceanic 
Canal. 

The Conference was composed of 136 members, of whom 
74 were French, the other 62 being divided among all 
other nationalities ; the United States being represented 
by 11 members and the British Empire by six. Among 
the delegates from the United States were Admiral Daniel 
Ammen, U. S. N., Commander Thomas O. Selfridge, 
U. S. N., and Civil Engineer A. G. Menocal, U. S. N. 

These three persons were then, and probably are now, 
the most competent authorities on this subject, each of 
them having been for years engaged upon.surveys of the 
American Isthmus. 

It was from the first plainly to be seen that the majority 
of the Conference were prejudiced in favor of M. de Les- 
seps and the Société Internationale, of which General Turr 
was the President. M. de Lesseps had advised the ex- 
plorations which had been made by the Society. He was 
made the President of the Paris Conference, and it was 
found that he had previously mapped out the work of that 
body before it had assembled. 

Five committees were formed, and one of these, known 
as the ‘* Technical’ Committee, and composed of 42 mem- 
bers, afterward increased to 45 members, was vested with 
the responsibility of deciding the location of the canal. 
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Of this committee only two were Americans—only two 
members from the country through which the proposed 
canal was to be built ! 

M. Wyse presented before this Conference a map made 
from his examinations between April 3 and April 20, 1878, 
and which was substantially the same as that made by G. 
M. Totten, the constructor of the Panama Railroad ; and 
this, the ‘‘ Wyse-Reclus’’ Canal, first proposed, was that 
previously mentioned in this article as a tide-level tunnel 
canal between Aspinwall and Panama. 

Mr. Menocal called attention to the immense floods of 
the Chagres River, and the damage they would do toa 
tide-level canal. 

Sir John Hawkshaw, one of England's ablest engineers, 
drew attention to the fact that a tide-level canal would re- 
ceive and must provide for the whole drainage of the dis- 
trict traversed ; also that, according to Mr. Menocal’s esti- 
mates, the volume of the Chagres in the time of flood 
would much more than fill the proposed tunnel. 

Such vital objections were raised to this scheme that it 
was finally withdrawn, and another scheme introduced by 
MM. Wyse and Reclus, for a canal between Aspinwall 
and Panama, but doing away with the tunnel altogether, 
and altering the route. 

The several proposed routes were finally reduced to the 
following : 

First, Lock-canals, comprising: 

1. The Nicaragua scheme of Menocal ; 

2. The Nicaragua scheme of Blanchet ; 

3. The Panama scheme of Menocal (Lull’s route) ; 

4. The Panama scheme of Wyse. 

Second, Tide-level canals, comprising: 

1. The Panama open-air scheme of MM. Wyse and 
Reclus ; 

2. The San Blas scheme of F. M. Kelley ; 

3. The San Blas scheme of Selfridge ; 

4. The San Blas scheme of Wyse ; 

5. The Atrato-Napipi scheme of Selfridge. 

All others were rejected. 

It must be borne in mind that the Société Internationale 
had failed to secure a concession of the route vza Lake 
Nicaragua ; also that Mr. Menocal’s scheme at Panama was 
for a lock-canal, while M. Wyse’s scheme at the same 
point was for a tide-level canal. 

Before the committee of 45 members charged with de- 
ciding the location of the canal was presented, on May 
28, 1879, the following proposition to be voted upon : 

‘* That the committee, from the point of view for which 
it was instituted, is of the opinion that it should recom- 
mend to the Conference the adoption of a tide-level, mari- 
time canal, from the Gulf of Colon, or of Limon, to the 
Bay of Panama.”’ 

There was violent opposition to this, and it was finally 
remodeled to read : 

‘** The Technical Committee believe that the interoceanic 
canal should be constructed between Colon and Panama,”’ 

This was passed by a vote of 20, 16 members being 
absent and 9 not voting. 

The next resolution, being that the Committee recom- 
mended a tide-level canal, was carried by a vote of 16. 

The action of this Technical Committee, when presented 
before the Conference, was sustained by 78 members, I9 of 
whom were engineers. 

On May 29 this peculiar assembly was dissolved. 


The Panama Canal Company was now formed, and then 
followed that strange financial proceeding by which M. de 
Lesseps attempted to gain the money for the completion 
of this gigantic work. 

Interest was guaranteed on the dormant capital invested 
during the construction of the canal. 

The Company's bonds were sold, bearing interest pay- 
able with a part of the money for which they sold, and 
this money received as interest could be used to purchase 
other bonds, which bore interest — from the money 
received from these last-purchased bonds, etc. 

The enthusiastic character of the French people sufficed 
to enable the Company to raise nearly $400,000,000—over 
four times the amount that Commander Lull computed as 
the probable cost of a canal over this route, 








After working for some months and seeing the imprac- 
ticability of constructing a tide-level canal, M. de Lesseps 
changed the plan, and the last work done upon the Panama 
Canal was with the view of making a lock-canal. 


XXIII.— COMPARISON OF THE DARIEN, PANAMA AND 
NICARAGUA ROUTES. 


It is now seen that the numerous proposed routes have 
been by careful surveys reduced to three lines, each of 
which has some characteristic separating it widely from 
the others : 

1. The Atrato-Napipi, with its fine river Atrato and 
comparatively short canal-line, and three miles of tunnel ; 

2. The Panama Route, with short distance from ocean 
to ocean, yet with the unruly Chagres River occupying the 
only possible line of canal ; 

3. The Nicaragua Route, with a low profile and with 
Lake Nicaragua at its summit level, yet with no natural 
harbors, 

Over each of these routes a canal-line has been located, 
and estimates computed of its probable cost. A brief re- 
view of the dimensions of canal prisms, scales of prices 
used, and estimates of cost, will allow a graphic compari- 
son of the advantages and disadvantages of each route, 


XXIV.—THE ATRATO-NAPIPI ROUTE, 


The different surveys of this route by the parties under 
the direction of Commander Selfridge had shown this to 
be one of the most favorable localities. 

Lieutenant Frederick Collins, U. S. N., made, in 1875, 
an extended survey here, locating the entire canal-line 
from the Atrato River to the Pacific. From the data of 
this survey computations were made for the cost of a 
canal of the following dimensions : 


Total length of camel... .. dh <c. <i He wenauaw, sone 30.24 miles. 
Witte ott DOG oi. cla hea dine cass ccc cetanens eine 72 ft. 
Width at water-surface in rock. .. ........ ... ..... 98 ft. 
Width at water-surface in earth............ .2- sees 150 ft. 
pe Lg ere renee ray torr? a 27 ft. 
Slope of sides in earth.......... .... 1% base to 1 perpendicular, 
Slope of sides in rock below water...... 1 base to 2 perpendicular. 
Slope of sides in rock above water.....4¢ base to 1 perpendicular. 
Embankments : 
WERT UR Ro aiei oc Rob ease ds bcs tngadansees cial 9 ft. 
ROeEOr Mia ss 055 ve viins Saas re 1% base to r perpendicular. 
, Muterbor shegeiion.. . ees cet ...2 base to 1 perpendicular. 
Width of ‘* bench” at 1o ft. above water-surface.......... g ft. 
Length of embankments..............ccecsscsecseeenece 14 miles, 
Locks : 
WR coos US COMA Ncdseey discs eeu Gutbeneneken tone 60 ft 
Lomgits baterpens Salter GHB ooo os on sss ods Scicneceddausues 4oo ft. 
Tunnel; 
Sttls Ss cicin cclbeeeei eee cecdansicd Oe nbesddnednle tees 3% miles 
Widels nt watenslielann o5 ck s.. Co SA eR SS. 70 ft 
Height from bottom of canal to crown of arch.... ........ 113 ft 
Wage a iic. .s haaidiianabRas da: schmehaigmeena dion 27 ft. 


There were two forms of tunnel proposed by Lieutenant 
Collins. The first, for solid rock: To be trapezoidal in 
section, with segmental arch of 120°; the crown of the 
arch to be 86 ft. above the water-surface ; the width at the 
water-surface to be 70 ft. ; depth, 27 ft., and sides below 
water to be battered 1 to 20. The arch to be formed of 
masonry 5 ft. thick at the spring and 3 ft. thick at the 
crown, and backed by concrete. 

The second, in unsafe or badly seamed rock: The tun- 
nel to be elliptical in section, with conjugate diameter of 
70 ft. at the water-surface, and semi-transverse diameter 
of 86 ft. above water-surface ; the section to be continued 
below, so as to give 27 ft. of water. In this section the 
arched lining was designed to spring from the water-sur- 
face with a thickness of 5 ft., and diminishing to 3 ft. at 
the crown. 

Each section gave 1,846 sq. ft. area of water space. 

The Trapezoidal plan required: Excavation, 5,279,843 
cubic yards; masonry, 203,498 cubic yards; estimated 
cost of tunnel, $32,479,120. 

The Elliptical plan required: Excavation, 5,102,865 
cubic yards; masonry, 682,993 cubic yards; estimated 
cost of tunnel, $40,960,272. 

In the final computation of the canal’s cost a modified 
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form of tunnel was considered, being only 60 ft. in width, 
and the cost of which, taking the mean between the two 
plans, was $33,241,923. 

The water oop of the Napipi and Doguado rivers was 
further increas y that of the Cuia River. The feeder 
canal for this was 3} miles in length, having a fall of 14 
ft. in that distance, passing through a tunnel of 9,230 ft. 
and open ties. of 7,720 ft. 

The estimated cost of the feeder canal was $548,726. 
The daily water supply at lowest stage, from the Napipi, 
pine poss and Cuia rivers, was found by cross-sections 
and current meter observations to be 24,000,000 cubic feet. 

The following prices were used in computing the cost of 
this canal: Excavation in earth, 30 to 35 cents per cubic 
yard ; excavation in rock, $1.25 to $1.50 per cubic yard ; 
excavation in tunnel, $5.35 per cubic yard ; arched lining 
of tunnel, $20 per cubic yard ; masonry, $15 per cubic 
yard ; dredging, 50 cents per cubic yard ; hydraulic con- 
crete, $7 to $8 per cubic yard. 

The estimated cost of the canal was : 


Excavation and embankment.................eee+eees $28,697,398 
Tunnel (as modified, to width of 60 ft.)............... 33,241,923 
ad na anbnkiknseeek Ubdbennnedaiess é ane cud 5,049,214 
Culverts ....... retbbedephagdbdtebnenGhehie ,.008 ¢486e 3,031,405 
ING 05 ic n2Kcbisancendac eheiKdoese: cacenaa 2,449,953 
SN GE AIPUED cain dake dua tenth Rite! osc cece sees 1,670,159 
| Ee ee 616,057 
po EL” I Rs eer ee 2,163,000 
Aqueduct........... RS re = ee eee Ee 548,726 
Improvements, mouth of the Atrato ..... ........005. 817,780 
RN oi. 6b: sca see cadhen wear naib abe tedscceees 6,000 
ee ee ee ee ee eee 191,900 
$78,557,515 

Add 25 per cent. for contingencies................ ss. 19,636,879 
Wes CUUNNNEE BOR e 6 aie Nelda lic ccctitdevecdees $98, 194,394 


The following advantages and disadvantages were enu- 
merated by Lieutenant Collins in his report : 

Advantages : 

1. Shortness of the artificial channel required (30.24 
miles). 

2. Good harbors ; that on the Atlantic is all that could 
be desired, while on the Pacific there is good holding- 
ground, and the region is seldom visited by violent gales. 

3. The cutting being mainly in stiff rock or clays, the 
clay forms stable embankments, little liable to wash from 
rains or at the water-surface, and its impervious character 
prevents, in a great degree, loss by filtration or leaks, 

4. The greater portion of the work to be performed lies 
in a healthy region for the tropics. 

5. Abundance of good timber for construction. 

6. Proximity of the heaviest work to the Pacific Coast, 
rendering transportation of labor, plant, and supplies 
comparatively inexpensive. 

7. Absence of high winds along the canal-line. 

8. Freedom from terrestrial convulsions of a nature 
likely to affect the permanency of the work, 

g. Absence of large streams or of deep valleys to be 
crossed at a high elevation. 

10, Friendly attitude of the inhabitants. 

11. Fertility of the soil. Under proper management the 
country in the vicinity of the canal-line could be made to 
produce the greater part of the supplies required for the 
subsistence of the laborers. 

Disadvantages : 

1. The necessity of resorting to a tunnel, involving 
great expense in construction, uncertainty in estimates of 
cost, and a probable increase in the difficulties attending 
transit, especially for large ships. 

2. The steep descent of the Pacific Slope, necessitating 
the grouping of a large number of locks, and thus increas- 
ing the liability of damage to the works. 

3. Very heavy cuttings in the valley of the Doguado and 
Chiri Chiri rivers. 

4. Limited water supply during the dry seasons. 

5. Liability of damage to the works from sudden floods. 
It is believed that this contingency is well guarded against, 
but the liability of sudden and heavy floods, in a hilly 
country subject to torrential rains, cannot be overlooked. 
6. Excessive rains, liable to wash away embankments, 





etc., while in the process of construction, and to interfere 
generally with the progress of the work, 

7. The shortness and uncertainty of the yearly periods 
well suited to the work of construction. 

8. Undeveloped state of the country, and scarcity of 
native labor, 

2: Reaaeanene from the great commercial centers of the 
world. 

In Plate No. 6 are given the proposed cross-sections for 
the canal by this route. Figs. 1 and 2 show earth cut- 
tings ; fig. 3, rock cutting ; figs. 4 and 5, tunnel sections, 

(TO BE CONTINUED.) 
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PRESERVING WOODEN PILES. 








(Paper read before the Tacoma Society of Civil Engineers & Architects 
by Mr. Colin McIntosh.) 





THE problem of protecting piling and timber in sub- 
marine structures against the ravages of the teredo and 
other marine insects has long been a vexed one, and 
numerous plans and experiments have been tried, a great 
many of which with only partial success. Before speak- 
ing of these experiments and plans, a description of the 
pests will not here be amiss. The following is a descrip- 
tion of the teredo and its habits: The ship worm— /eredo 
navalis—is a mollusk belonging to the tubiferous bivalves, 
and has been from time immemorial the subject of com- 
ment on account of its ravages. There are 24 species of 
the teredo, but the ship worm is the best known. The 
teredo navalis has a long and flexible body terminating in 
cutting shells or bits, and is enclosed, for the sake of its 
protection, in a hose-like shéll which reaches from the in- 
ferior extremity to within a very short distance of what is 
known as the head. At that point the muscles come into 
play and work the cutters or bit edges and so drive into 
the timber, cutting a smooth, round hole. The teredo first 
appears in the egg, which is round like a mustard-seed 
and so small that a hundred of them could be enclosed by 
the shell of such seed. These eggs are laid at the begin- 
ning of the warm season and are deposited from time to 
time until cold weather sets in. A teredo will deposit 
from 1,000,000 to 3,000,000 eggs. The eggs hatch in the 
water and give out minute worms about 0.04 in, in length, 
They swim about for a short time in search of timber. 
They enter this by boring or cutting with their cutters, 
and the entrance is so small that it can be scarcely seen. 
The worm grows at the rate of 2 in. per month, and digs 
a hole to accommodate its increasing size. The length of 
the hole is therefore a guide to the length of the teredo, 
for it attaches its smaller end to the entrance of its burrow 
and pushes forward with the growth of its body. As it 
progresses it deposits a coating of lime upon the sides of 
its cell, the deposit growing thinner as the worm advances, 
being quite thick at the entrance. 

The worm continues its progress for 12 or 18 months, 
propagates and dies. It reaches a length of about to in., 
although I have seen one 18% in. long, ,; in. diameter of 
bits. It is remarkable with what accuracy the teredo 
avoids the burrow of its neighbor, coming within the thick- 
ness of a piece of tissue paper. As fine sawdust is found 
in the stomach of the teredo, it is natural to suppose that 
it subsists on the same. 

It is known that the teredo cannot exist in muddy water, 
as piling from the Mississippi Sound has been examined 
after the annual floods, when the river water is very 
muddy, as the dead bodies of the worm have been found 
in these piles. Again, it is proven that they can exist for 
a short time in fresh water, as at Brisbane, Australia, it is 
forced to survive the annual recurring exposure to fresh 
water from the floods lasting from two to three months. 
The limnoria, a brother in mischief to the teredo, is a 
crustacea about the size of a grain of rice and of a dark- 
ish gray color. The front outline of the body is a long 
oval, though the head is large, round, and a - 
fined. The general appearance is that of a wo use, 
When disturbed or handled they roll up like a hedgehog. 
In San Francisco Bay these little creatures are very de- 
structive to piling or timber in submarine structures. 
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They attack a pile about half-tide and swarm around in 
millions. They excavate little cells along the annular 
— of growth, and while eating the wood for its albumen, 
make a sheltering place for protection against enemies and 
a place in which to breed. A pile that has been eaten off 
by limnoria resembles a piece of wood that has been 
beavered, except where knots appear; these the insect 
does not touch. 

The plans adopted for protecting piles against these 

ts are numerous, the best known and most efficient 
ing to creosote them, which is done by subjecting the 
ile, after being peeled, to two hours’ steaming, 10 hours 
in a vacuum and 12 hours in a retort, in which the creosote 
is forced into the wood, taking the place of the sap, which 
has been withdrawn from the wood. From Ioto 12 lbs, 
of creosote to the cubic foot of wood is about the right 
charge. This is known to be effective against the ravages 
of the teredo. The only objection to this process is its 
first cost. It will not pay to creosote piles on this coast, 
owing to the low price of same compared with creosote. 
A creosoted pile, say 40 ft. in length, is worth on the 
Pacific Coast about $20. Covering piles with copper has 
been tried and with great success, but as it costs about 
the same as creosoting it is objectionable on that account, 

Studding the exposed parts of the pile with copper tacks 
has been tried by the New York Harbor Commissioners 
with success, but as this method uses as much copper as 
the former and more labor is necessary to put it on, the 
objection is the same. 

Mr. John Culver, an engineer of San Francisco, invented 
a process consisting of treating the pile in the following 
manner : First brush a poisonous composition over the 
peeled pile, which is allowed to dry ; next coat the pile 
with asphaltum laid on at a great heat, after which can- 
vas treated in asphaltum is wrapped around in spiral 
courses and fastened by copper wire, then another coat of 
asphaltum and the pile is ready for driving. This process 
costs about $5 for an average length pile, and has resisted 
the attack ot the teredo in New York Harbor for a period 
of three years, being the time exposed. The latest plan that 
has been tried on the Pacific Coast is a covering or coating 
of Ventura asphalt, which is found in Ventura County, 
Cal. The piles are peeled, then coated with one or two 
coats of Ventura asphalt, each coat about # in. thick. The 
cost of preparing piles in this manner is about 24 cents 
per lineal foot. Piles thus prepared have been driven in 
San Francisco Bay and have been exposed to the attack 
of the limnoria and teredo for more than a year with- 
out any signs of destruction. 

The plan adopted by the Northern Pacific Railroad for 
protecting the foundation of their coal bunker in Tacoma 
is worthy of mention. This plan consists of driving clus- 
ters of piles and encasing the same with wrought iron 
cylinders of metal } in. thick, and filling in space between 
piles and cylinder with concrete. The writer believes 
that sand well packed in the cylinder would answer as 
well as concrete, for if the iron is eaten away by rust, the 
concrete is not of sufficient thickness to stand by itself and 
would readily fall away from the piles. This plan is very 
efficient. 

Another plan tried by the Northern Pacific Railroad 
similar in design to the above, is in substituting wooden 
boxes in place of iron cylinders around each pile, This 
plan was not very effective, as the wood casing was soon 
eaten away and the concrete fell away from the piles ; 
moreover, it can only be used where the piles are exposed 
between tides. 

The writer tested a covering for piles prepared in the 
following manner: A section of peeled pile about 3 ft. 
long was coated with asphaltum and then rolled in sharp 
sand, and then another thin coat of asphaltum applied. 
This sample was exposed for a period of 14 months with- 
out any signs of destruction, but it was noticed that the 
asphaltum and sand covering commenced to peel off, leav- 
ing the wood exposed, therefore it was abandoned. 

Another plan devised by the writer and Mr. Hopkins 
seems to be plausible, but has not been tried. This con- 
sists of slabbing the pile and then tacking on tarred paper 
on the core, then covering the tarred paper with the same 
slabs well spiked on, The slabs are not cut full length of 











the pile, but leave the end that enters the ground solid. 
The end that is struck by the hammer is to have the slabs 
removed for a length of 5 ft. or 6 ft., leaving a solid core 
to receive the blows and to allow for brooming. 

In the discussion on this paper the opinion was expressed 
that the cost of coating a pile with Ventura rs om had 
been placed too high, and that it would probably not ex- 
ceed 12 cents per foot for piles of average size, in Wash- 
ington or Oregon. 

Inquiry was made regarding the old Dutch plan of 
closely driving long nails into the timber below water-line. 
The method was not indorsed by those present. 

Wrapping the piles with tarred canvas or tarred paper 
and slabbing them was generally recognized as a cheap 
method and practicable. Sections of piles thus treated, 
which had been under water seven and eight years at San 
Francisco, were submitted. There were but two or three 
holes made by the teredo through either section. 
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CHAPTER XXV. 
HOWE TRUSS DECK BRIDGES (Continued), 


WITH the preceding chapter there were given plans for 
a bridge of 42 ft. span. With this chapter the plans are 
for a Howe truss deck bridge of 52 {t.span; Plate 109 
giving an elevation and plans, while the details are shown 
on a larger scale in Plates 110 and 111. 

As with the preceding plans, the construction and de- 
tails of the bridge are shown very completely by the draw- 
ings and the accompanying bill of material, so that little 
No. 45. Bitt or Mareriat FoR Howe Truss Deck Bripce, 52 Fr. Span. 

PLATES 109, 110 AND I1T. 




















Timber. 

a | DESCRIPTION, Size. | LENGTH. 
4 |Top Chord. ........ 6 in. X 14 in. | 14 ft.o in. 
2 <a T Sndpn ae chs 6in.X14in. | 30ft.o in. 
2 | ptt DES ERR 6 in. X m4 in, | 24 ft.o in. 
2 ee wankers te 6 in. X 14 in. 34ft.o in. 
2 2 eg Sin. X 14 in. 31ft.o in, 
2 ; wee a Cree Sin. X 14 in. 27ft.o in. 
4 Bottom Chord..... | 6 in. X 12 in. 12ft.9 in. 
2 boo eer esas | 6 in. X 12 in. 32 ft.6 im. 
2 | 66 ag eR 6 in, X 12 in. 32 ft.3 in. 
2 | “ “ sate wy 6 in. X 12 in. 25 ft.9 in. 
2 | ORs fades a } 8 in. X 12 in. 25 ft.9 in. 
2 | * al ne CTEM 8 in. X 12 in. 32 ft. 3 in. 
8 Main Braces........ g in. X ro in, 11 ft. 3% in. 
8 | #6 a ee | gin. X 7in. 11 ft. 334 in. 
8 | + ieee gece 8in. X 7 in. rr ft. 3% in. 
8 se ar Sena 7in. X Gin. 11 ft. 3% in. 
16 \Counters.......-..- z7in. X 6in. 11 ft. 3% in. 

16 [End Posts........- 8 in. X 10 in, 9 ft. ro} in. 
12 \Laterals. .......... 6in. X 7 in. 22 ft. 6% in. 
4 pauper eat 6in. X 7 in. 13 ft. 10} in. 
18 \Internal........++-- 6in. X 7 in. 17 ft.3 in. 
8 \Bolsters........-.-- 6in. X 7 in, 7 ft.o in. 
4 peas LE Oe 8 in. X 10 in. 7ft.o in. 
8 Bridge-seat......... 6 in. X 10 in. 4ft.o in. 
4 - cds. des 8 in. X 10 in. 4ft.o in, 
4 is sin deck cneen ean 12 in. X 12 in. 18 ft.o in, 
18 Floor-beams... .... gin. X 16 in. 17 ft. 10 in. 
6 Track Stringers .... 6in. X 12 in, 58 ft.o in. 
St PUBS sinid 4b dada ¥¥ 00a 8in. X 8 in. 12 ft.o in. 
2 GumrGe,:. 5. sandess 6in. X 6in. 58 ft.o in, 
4 Phamles... « idessserer- 2in. X 81n, 58ft.o in. 
8 BlOCkS.... ocucss ces 2in. X 8in. 2ft.o in. 
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Wrought-Iren—Rods and Bolts. 





No. 


“= > 
anwar woe | 





























Sonam ™ ae Lencru. |/No. a mou a LENGTH. 
Rods. x in, |1q4 ft. 6in.|| 84 |Int’l& splice} % in. | 2ft. oin 
“ 2% in. |12 ft. ro in.|| 20 |Stringerb’Its| % in. | 2 ft. 6in 
vm 2% in. |r2 ft. ro in.|| 1a |Bolster-b’Its| 14 in. | 2 ft. 6 in. 
- 2 in. |12 ft. 10 in,|| 72 |Floor-bolts. | 1% in, | 3 ft. oin 
“ 1% in. |r2 ft. ro in.|| 36 |Tr. str'rb’ts} 3 in. | 2 ft. ro in 
Laterals. 1X in. |18 ft. 6 in.|| 34 | Tie-bolts. \% in. | 2 ft. 6in 
Chord-bolts.| 3 in. | 2 ft. of in.|| 18 |Guard-bolts.| 3 in. | 1 ft. 3 in 
Brace-bolts.| 3 in. | 2 ft. of in.'! 32 ‘Spikes. reer ee 
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Castings. 
Number: 8 of pattern A ; 28 of B; 80f C; 80f D; 36 0f Z; 40 of F; 36 


of G; 24 of H3; 40 of H2; 16 of /4; 600 0f /1; 168 of J2; 30f K; woof L; 
10 of M; 5 of P; 36 of R; 8 of S. 





or no further description is required. Some remarks on 
this design, however, will be made in later chapters. 

In comparing these plans, the reader will perhaps find 
it convenient to refer back to the general remarks on 
Howe truss bridges given in Chapter XXII., in the JouR- 
NAL for March, 1890. 

(TO BE CONTINUED.) 
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THE FIRST SECTION OF THE GREAT SIBE- 
RIAN RAILROAD. 





By A, ZDZIARSKI, ENGINEER. 





IT may now be said with certainty that the construc- 
tion of the great Siberian Railroad is only a question of 
time, since in the latter part of 1886 his Majesty, the Czar 
of Russia, on receiving a report from the Governor-Gen- 
eral of East Siberia, Count A. G. Ignatieff, put upon it the 
following endorsement : 

“I have read so many reports of the Governors-Gen- 
eral, and Iam sorry to confess that the Government so 
Jar has done almost nothing to meet the needs of this 
rich but undeveloped country. And it is time, full 
time,”’ 

Of course the construction of so great a line, which will 
reach a length of about 10,000 versts (6,666 miles), meas- 
uring from St. Petersburg, cannot be begun without pre- 
liminary surveys and consultations, and therefore, in 1887, 
it was decided to begin the explorations. The work of 
laying out a programme for the preliminary surveys was 
entrusted to a committee of four ministers: The Minister 
of Roads and Communications, the Minister of War, the 
Minister of Finance, and the State Comptroller. 

This Commission decided to order the survey of the fol- 
lowing lines in Siberia : 

1. From Tomsk through Achinsk, Krasnoyarsk and 
— to Irkutsk and to Lake Baikal, a distance of 1,130 
miles. 

2. From Posolski, on the shore of Lake Baikal, through 
Verkhne-Oudinsk, the Petrowski Works, and Nerchinsk 
to Sretensk, a distance of 730 miles, 

3. From Vladivostok through Razdolnoe, Nikolske and 
Anuchino to Busse, a distance of 270 miles. 

It will easily be seen from the map of Siberia that these 
three proposed lines connect the navigable water-ways of 
the country. The first, called the Central Siberian Rail- 
road, would connect the river Obi with Lake Baikal ; the 
second, called the Trans-Baikal Railroad, would connect 
Lake Baikal with the river Amour, and the third, called 
the Oussouri Railroad, would connect the Oussouri, a 
tributary of the Amour, with the Pacific. Besides these it 
was proposed to build a loop line around the south shore 
of Lake Baikal, connecting the two first-named lines. 

The river Obi is, by means of its tributaries, the Irtish 
and the Tobol, and by the Toura, a tributary of the Tobol, 
connected with the Oural Railroad, the eastern terminus 
of which is at Tumen on the Toura, while its western ter- 
minus is at the city of Perm, which is on the Kama, a 
tributary of the Volga; but as Perm has at present no 
railroad connections with the Russian railroad ‘system, 
these ar te Siberian lines would be connected by 
steam with European Russia only during summer and the 
season of open navigation, which on the Kama lasts about 
five months, on the Obi about four and one-half months, 
and on the Amour about six months. 

Accordingly, in addition to this connection, the new 
Minister‘of Roads and Communications, M. A. Hubenett, 
proposed to connect the Oural Railroad at Ekaterinbourg 
with Chelabinsk, a point which will be this year reached 
by the Samara-Oufa-Zlatooust Railroad. This road will 
have a through connection with the other Russian. rail- 
roads, and was called by the former minister, M. C. Pos- 
siet, the first link of the Siberian Railroad. 

Notwithstanding the decision of the Commission of Min- 
isters—a decision which, if carried out, would keep the 
Central Siberian Road practically separated from Euro- 
pean Russia during the seven or eight months of the win- 
ter—one of the most eminent of Russian engineers, N. P. 
Mejeninov, who was Chief Engineer in charge of the sur- 
veys of the Central Siberian Railroad, presented a me- 
morial to the Government expressing the opinion that the 
Siberian line should be constructed as an extension of the 
Samara-Oufa Railroad, and that only in this way would it 
form a through line connecting the European railroad 
system with the Amour settlements, and thus satisfy the 
political and commercial needs of the country. 

This opinion is further confirmed by the unsatisfactory 
condition of navigation on the water-way from Tumen to 





Tomsk, which is 1,870 miles in length, and is formed of 
the rivers Toura, Tobol, Irtish and Obi. The three former 
rivers are very tortuous in their course and changeable in 
channel ; the Obi is easily navigable except in one place, 
at Laminsor, while. from Tobolsk to Tomsk there is no 
postal or telegraphic connection, and the banks of the 
river are entirely uninhabited, In this water-line navi- 
gation is usually open from the end of May to the end of 
September, about 135 days; the passenger steamers 
usually make six round trips and the freight steamers only 
three. There is only one steamship company, and the 
greatest load which can be transported in one season is 
60,000 tons. The charge for the trip is from 15 to 25 
copecks per poud, which is about $4.80 to $7.20 per ton, 
for a distance of 1,870 miles. 

By consulting the map of Siberia, it will be seen that the 
memorial of M. Mejeninov proposes the building of an 
additional line from Zlatooust to Tomsk, or rather the ex- 
tension to the former point of the Central Siberian Rail- 
road, which, according to him, should begin, not at Tomsk, 
but at Zlatooust. The additional line, about 1,000 miles, 
traverses a very fertile and level country, crosses no great 
rivers, and could be built at a low rate. Its total cost 
would probably not exceed 50 000,000 to 60,000,000 roubles, 

As it is almost certain that this opinion will prevail, and 
as the Samara-Oufa Railroad in any case will be part of 
the Siberian system, I have considered it best to describe 
the line already completed and the extensions toward 
Zlatooust now under construction, and to Chelabinsk, the 
building of which has been decided upon, before begin- 
ning an account of the surveys of the Siberian Railroad 
proper. 


THE SAMARA-OUFA RAILROAD. 


It is not without reason, as stated above, that this road 
has been called the first link of the great Siberian line. 
Samara is the only town on the eastern shore of the Volga 
River which is connected by an iron bridge—the longest 
in Europe—with the eastern bank of that river. All the 
other towns—Nijni-Novgorod, Saratov, Tsaritsin—which 
are terminal railroad points on the Volga have no bridges, 
and the lines reaching them do not cross the river. Under 
these conditions Samara was pointed out as the proper 
starting-point, and the town through which must pass the 
great traffic between Europe and Asia. 

The building of this road was decided upon by the Gov- 
ernment in 1885. It was built directly by the Govern- 
ment, under the superintendence of the State Railroad 
Direction. In the summer of 1885 the final survey and 
location were made ; in the following winter the necessary 
preparations were completed, and in May, 1886, work was 
begun on the whole line. It was completed in August, 
1888, and formally opened September 8-20 The total 
length of this road is 453 versts (302 miles) ; it begins at 
Kinel on the Orenbourg Railroad, 38 versts (25 miles) 
from Samara, the section from Kinel to Samara being 
used by both roads. From the starting-point the line fol- 
lows up the valleys of the Kinel and Kista rivers, then rise 
over the divide between the water-sheds of the Volga and 
the Kama, reaching a level 980 ft. above Oufa; then 
descends by the valleys of the Koursak and Dioma rivers 
to the Bielaia or White River, and crosses this river on a 
large iron bridge, reaching the terminus at Oufa, on the 
right bank of the White River, near the Sofronov Land- 
ing, the point at which the navigation of the White River 
begins. 

The greatest distance between stations is 16 miles, and 
the passing places on the single-track line are so arranged 
as to permit the running of nine trains daily in each direc- 
tion ; but the present supply of rolling stock is sufficient 
only for one mixed train and two freight trains daily in 
each direction. The grade and bridges are built for 
single-track only, and the standard width of grade is 18 ft. 

The construction of this road presented many difficul- 
ties. It was impossible to find workmen enough along the 
line, and the contractors had to bring some 20,000 laborers 
from Central and Eastern Russia. The summer workin 
season is very short, lasting only about five months, an 
therefore as much work as possible was performed in the 
winter. For materials, only limestone was found near the 
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SIBERIA AND THE GREAT SIBERIAN RAILROAD. 


Nore.—The heavy black line from Samara to Chelabinsk shows the section completed or under construction ; the dotted line from Chelabinsk eastward shows the proposed line of the road as described. 
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line. There was no timber, and all that was used had to 
be carried either from Samara, Oufa or Sterlitamak, a dis- 
tance of 140 miles, so that the supply of ties was very diffi- 
cult to obtain. There was little or no material for ballast, 
so that the gravel used had to be hauled an average dis- 
tance of two miles to the line of the road, and 12 miles 
along the line. All the machinery and supplies for the 
equipment of the line, water stations, tools for workshops, 
etc., were made in Russia and from Russian raw mate- 
rials. The sheet-iron used for roofing buildings and most 
of the rails were supplied from the Oural Iron Works, and 
the iron for the bridges from the Government Works at 
Votkinsk. Cement was obtained from the works of 
Schmidt & Company in Riga, Port-Kund in Revel, and 
the Moscow Company in Podolsk. The materials were 
carried to the terminal points of the line by water in sum- 
mer, and during the winter were hauled out on the line by 
teams, with the exception of the rails and ties which were 
carried by the work trains. All the work was sub-let to 
contrattors on the basis of price per unit of work. The 
work done directly by the Government amounted to only 
584 ooo roubles. The cost of this line, 302 miles in length, 
was as follows : 








| Cost in RouB.gs. Per 
Part oF Work. Cent. of 


l Total. 
Total. Per Mile. 








Grading and substructure............... ... 17,082,932 | 56,566 71.7 














Rails and fastenings...................25 0: | 3,663,628 | 12,137 15.4 
ee ois exc bie bce <8 suis suios save 3,075,178 10,183 12.9 
Lea sani h dob bdiks sone suehuiessé<eu's | 23,821,738 78,880 100.0 





The cost here is given in roubles, and they are not con- 
verted into dollars for two reasons: the exchange price 
of the rouble, nominally about 50 cents, is very variable, 
and the comparative cheapness of labor in Russia is such 
that for a rouble almost as much work can be obtained as 
for a dollar in America by a contractor. 

The highest grade on the road going eastward is 1 per 
cent., and going westward 0.8 per cent. The minimum 
radius of curvature is 1,400 ft. The earthwork on the line 
was not easy, the average quantity moved being 53,640 cubic 
yards per mile ; but there were miles where the quantity 
rose to 950,000 cubic yards per mile. The greater part of 
the earthwork, about four-fifths, was embankments, the 
line being placed at a high level in order to prevent snow 
blockades, The smallest embankments are from 2} to 3} 
ft. in height. The highest embankment is 70 ft., and is a 
dam or bank 3,640 ft. long in the valley of the White River. 

From Kinel to Oufa the line crosses the following rivers : 

the Koutouluk and the Kourtamak, tributaries of the 
Kinel ; the Little Kinel ; the Kinel, a tributary of the Sa- 
mara ; the Ik, a tributary of the Kama; the Kaursak, a 
tributary of the Dioma; the Tulen, the Oudriak, the 
Balashly, the Kalmash, the Ouza, and the White River. 
The last-named bridge has six spans, each of 350 ft. clear 
opening. 
. There are only two kinds of bridges used, masonry arch 
culverts and iron bridges. The arch culverts are 80 in 
number, and vary in span from 3} to 17} ft. All the other 
bridges have masonry abutments and iron superstructure, 
ro their number and size are given in the following 
table : 




















No. or |Clear Span of Bridge| WE1GHT oF SupersrrucrurE oF OnE Bripce. 
Bripcgs. in Feet. fe aN meres 

Deck Bridge. | Through Bridge. 
rro 7 1,908 RAI Pape ere Fe IS. 
97 RESO. shee ncecdeed . | ecepeinns shceass 

2 70 48,000 lbs. 76,900 lbs. 

I BR Nace necdcves 137,600 Ibs. 

3 140 203,800 Ibs. 242,100 Ibs. 

3 175 332,500 lbs. 334,000 Ibs. 

2 210} 499,300 lbs. 489,200 lbs. 

7 i. ee PN ae oe 1,262,600 Ibs. 

White River Bridge (t span). 








The total weight of iron used in the bridge structures 
was 5,847 tons. The arch culverts are of brick or stone, 








and the abutments of the iron bridges of limestone. As 
good stone was scarce, at many points it had to be carried 
80 miles from the quarries to the point where it was 
needed. The sandstone for the ice breakers of the piers 
of the White River bridge was floated 200 miles down the 
river. The abutments of the small bridges up to 14 ft. 
span have a common foundation, and the masonry is all of 
good class. 

The most conspicuous structure on the line is the White 
River bridge. The piers and abutments are founded on 
caissons sunk by pneumatic process. The foundation for 
the piers is 56 ft. below the low-water level, and the 
foundations of the abutments are respectively 42 and 49 ft. 
below low-water level. The masonry is of limestone, 
which was brought 100 miles down the Oufa River. This 
stone has an ultimate resistance of 8,750 tons per square 
inch to crushing. The up-stream faces of the piers and 
the ice-breakers were of sandstone brought 200 miles 
down the river from the Oural Mountains. This sand- 
stone has double the strength of the limestone, its ultimate 
resistance being 17,500 lbs. per square inch. The super- 
structure of this bridge was designed by Professor N. A. 
Beleloubski, and is a through truss of semi-parabolic sys- 
tem with double intersections, somewhat resembling the 
Linville truss. The chords are of channel shape. The 
posts are made of four or more separate angle-bars placed 
at such a distance apart that the floor-beams could be fixed 
between them. The chief feature of this bridge is that the 
floor-beams are not riveted to the lower chord, but are 
carried on special hinges or links, so that the strain from 
the floor-beams is transmitted to the center of the chord, 
avoiding all torsional strains of the channel-bars, and 
therefore the strain on the lower chord is much less. This 
system of hanging the floor-beams requires separate cross- 
girders to connect the lower chords. 

The ballast used on the road is sand and gravel, prin- 
cipally sand. It is laid 15 in, thick under the rail, and the 
general width of the ballasted road-bed is 104 ft. 

The ties are of pine and spruce, and are generally of 
semicircular section, split from logs 10} in. in diameter. 
There are also some ties 84 X 6 in. in section. Their 
length is everywhere 8 ft., and they are spaced 24 ft. apart, 
so that 2,160 ties to the. mile were used. 

The rails are of steel and are of two types, the first 674 
Russian pounds (614 English pounds) to the yard, and the 
second 72 Russian pgunds (66 English pounds) to the 
yard. The rails are 24 ft. long, and each has a bearing 
upon Ioties. The joints are angle splices with two under- 
plates fixed by means of bolts and spikes, and are placed 
between the ties. The rails are, as usual in Europe, in- 
clined slightly toward the axis of the track. The gauge 
of the road is the standard Russian gauge of § ft. 

The buildings would be considered numerous and luxu- 
rious on an ordinary American road. Under the system 
of protecting the track, at every two miles and near each 
crossing there is a watchman employed ; on each section 
is a roadmaster with a suitable gang of trackmen. For 
the accommodation of these men there are 233 watchmen’s 
houses and 47 section-houses, 25 of the latter being at 
stations and the remaining 22 at points between stations. 
All of these buildings are of wood placed on masonry 
foundations. There are 267 road crossings, and almost 
every one is protected by a gate and watchman. 

The station buildings are of the standard Government 
railroad type and are 25 in number, two of them being of 
the second class, three of the third class, and 20 of the 
fourth class. No first-class buildings were put up, as, 
according to the regulations, such buildings must be pro- 
vided with luxurious and costly apartments for the use of 
the Emperor. Of these stations and buildings, 23 are of 
brick and two of stone. There are only four separate 
freight stations, but others will be built as their necessity 
is shown by the operation of the road. 

The engine-houses are of brick or stone, with wooden 
roofs covered with paper. They have wooden floors and 
are heated with round stoves. There are five of these 
engine-houses, all of rectangular form, and having alto- 
gether 43 stalls. 

The repair shops of the road are at Oufa, and consist of 
three buildings: the first covers an erecting and paint 
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shop, 133 X 126 ft.; a machine shop, 161 x 56 ft.; a 
wheel and spring shop, 59 x 56 ft. ; a smith shop, 72 x 56 
ft.; a brass foundry, 28 x 56 ft. ; an engine-room, 314 


As to the cost of the road, it will not be without interest 


to give a detailed statement of the distribution of the cost 
of the works on this road, which, as before stated, is 302 
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x 21 ft., and a boiler-room, 42 xX 35 ft. The second 
building covers two car-repair shops each IIg X 454 ft. 
and a paint shop 70 X IlIg ft., while the third and small- 
est building includes a wood-working shop 52} x 70 ft. 
There is also a small separate smith shop for car work, 
244 X 16 ft. in size. All the buildings are of masonry 
with sheet-iron roofs, but the smith shop and foundry are 
roofed with corrugated galvanized iron. The roof trusses 
in the largest building are of iron; in the other depart- 
ments they are of wood. Besides these shops there are 
three small shops at other points on the line, for making 
ordinary running repairs. 

According to the Russian system of operating the rail- 
roads, the Government provides lodgings for all the officers 
and employés. This has required the building of 86 
houses of various sizes, all of wood on masonry founda- 
tions, and placed at various stations along the line. The 
country is very thinly inhabited, and more houses are now 
found to be necessary. 

A water supply is necessary at each of the 23 stations, 
and the arrangements are uniform in character. At each 
of these there are iron tanks protected by wooden cover- 
ing, and placed on masonry piers. The tanks are gener- 
ally of 2,744 cubic feet capacity, with the bottom elevated 
about 28 ft. above the level of the rails. They are placed 
usually about Ioo ft? from the main track, and for filling 
the tenders hydraulic cranes are placed close to the track. 
At one station the tank is supplied from a high level by 
means of gravity, but at the other 22 pumping engines are 
required, which vary from 4 to 10 H. P. 

The stations are fully equipped with signals and switches, 
and for this purpose there were used 259 ordinary switches, 
2 triple switches, 49 iron semaphores, 49 green signal 
disks at stations, 110 stop-blocks, and 60 switch-houses, 
There are five turn-tables of the Sellers pattern, 55 ft. in 
diameter. The station yards are paved, and are provided 
with gardens and fences. 

The rolling stock is of the European type and without 
trucks. There are on the road 31 six-wheeled engines 
weighing 32 tons each without fuel or water; 29 eight- 
wheeled freight engines weighing 42 tons each. The pas- 
senger rolling stock consists of one officer's car; six cars 
with first and second-class compartments ; eight second- 
class cars; 12 third-class cars; five combination third- 
class and postal cars, and four special cars for the trans- 
portation of exiles. The freight equipment consists of 
640 box-cars and 160 open or flat cars. The capacity of a 
Russian freight car is usually 21,000 lbs., and the weight 
of a box-car about 14,000 lbs, 
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miles in length, and such a statement is given in the fol- 
lowing table : 





Cost 1n Rovusigs. Per 











Descriprion oF Work, Cent. of 

Total. 
| Total, Per Mile. 

I |Expropriation, PNR ORB is ck Ctivttdine 316,262 1,047 1.3 
2 |Earthwork...<.. sce eeereceereeses aeeee| 453551464 14,422 18.2 
3 |Bridges.... ....... MTT PO ee 5,010,894 16,592 21.0 
4. | Trathee. ccvccnvcegs cance ccewese eve inane’ | 59585379 18,495 23.4 
§: end ROR ix» nc cincgineccseweie 84,991 281 O.4 
ae. UL Re eee See 118,151 391 a5 
7 |Road buildings and gates......... ..... 493 337 1,632 2.1 
8 |Station buildings ............ sseeees ...|  %)892,079 5,268 6.7 
@ | Water SUDOEY sacks Knee ccc ccccee-sovegs 443,689 1,469 1.9 
Io Station GAP vc ces. dpvecbaenses 475,688 1,575 2.0 
Sz [MOU SOGOR bode dsc cdc ces ccsscbobes 3,519,928 11,655 14.8 
12 |Road and landing in Oufa.............. 54,867 182 Oo2 
13 |General SUDOENG LL... 20: cad caens we. <4 1,349,692 4,469 5-7 
14 |Extraordinary expemses..... .... ...+.. 104,769 347 0.4 
15 |Comptrolling and police... ..........-. 111,234 368 0.5 
56 adits oo. os eae hiss. ce deere 192,855 639 0.8 
17 Loss on material and property.......... 13,459 45 0.1 
| AG 6 50s bne CHEE. + 54's 0 daeod tabees 23,821,738 78,877 100,0 














Of the sum expended for bridges, the cost of the White 
River bridge formed 46 per cent., the amount being 
2,306,075 roubles, 

The actual cost of the rolling stock was 3,075,178 roubles, 
but to this was added 444,750 for transportation and other . 
charges, bringing up the total to 3,519,928 roubles, as 
given above. 

The item of track was made up as follows: Rails, 
3,181,009 ; fastenings, 482,618; ties, ballast and track- 
laying, 1,192,752; total, 5,585,379 roubles, as above. 
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UNITED STATES NAVAL PROGRESS. 


THE Report of the Naval Policy Board, to which refer- 
ence has heretofore been made in our columns, not only 
outlined a plan for the future increase of the Navy, giving 
the numbers of each class of ships which d re- 
quired to make a naval force appropriate to the position 
and power of the United States, but presented plans for a 
rae sa of different classes of ships which should be used. 
The accompanying sketches present these plans reduced 
to a small scale, which is sufficient, however, to show 
their general features, as in such a report as that pre- 
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sented by the Board it was, of course, not necessary or 
ae re to carry these plans out to minute details. 

e give below also a description of each class, which is 
necessarily very brief. The number attached to each 
sketch corresponds to the number in the text below. 

No. 1 is the type plan of the Board for a first-class 
battle-ship of great coal endurance, -The leading dimen- 
sions of this plan are: Length over all, 349 ft. 2 in. ; 
length on load water-line, 340 ft. 2 in. ; length between 
perpendiculars, 326 ft. 6 in, ; extreme beam, 71 ft. 6 in. ; 
beam on load water-line, 69 ft. 9% in.; mean draft, 25 ft. 
44 in. ; diplacement, 10,000 tons. Generally speaking, it 
may be said that this ship is to have a double bottom, en- 
gines and boilers in separate water-tight compartments, 
and the ship, generally, divided into many compartments, 
There would be a wide belt of 5-in. armor extending the 
whole length of the vessel about 5 ft. below and 5 ft. above 
the water-line ; an armored deck 3 in. in thickness ; the 
redoubt shown on the plan to have 16-in. armor ; the tur- 
rets also 16-in, armor, and the barbettes for the guns 3-in, 
armor. There would be two turrets each carrying two 
heavy guns, The armament would consist of four 12-in, 
guns, ten 5-in. guns, 20 small rapid-fire guns, and six 
torpedo tubes. Four engines would be provided, two on 
each shaft, and they would be expected to develop 11,000 
H.P. with forced draft, and to bring the ship up to a 
maximum speed of 17 knots. . The provision for coal would 

ermit of carrying a total of 1,350 tons, or of 675 tons at 
oad draft. 

No. 2 shows the design for a first-class battle-ship of 
limited coal endurance. The principal dimensions are: 
Length over all, 314 ft. ; length on load water-line, 306 
ft.; length between perpendiculars, 296 ft.; extreme 
beam, 67 ‘ft. 9} in. ; mean draft, 23 ft. 3 in. ; displace- 
ment, 8,000 tons. The armor provided for in this design 
is a belt of 17 in. in thickness, 164 ft. in length, and about 
8 ft. in width at the water-line, ending in bulkheads of 14 
in. in thickness ; an armored deck above this belt and a 
submerged deck 3 in. thick extending to the ends of the 
vessel. The redoubts and turrets would have a thickness 
of 17 in. of armor and the casemate 4 and § in., with ap- 
propriate protection for the smaller guns. The armament 
would consist of four 13-in. guns, four 5-in. guns, 12 
smaller rapid-fire guns, and six torpedo tubes. Two 
triple-expansion engines would furnish the power and 
would be expected to indicate 7,500 H.P. with forced 
draft, and to drive a vessel at a maximum speed of 15.8 
knots. The total coal capacity is given at 500 tons and 
the normal supply at load draft 300 tons. 

The second-class battle-ship would be similar to this in 
all respects, but would be somewhat shorter, 290 ft. be- 
tween perpendiculars, and have a displacement of only 
7,100 tons and a somewhat lighter battery. 

No. 3 shows the third-class battle-ship of limited coal 
endurance, which is of very similar plan, but the follow- 
ing dimensions : Length between perpendiculars, 280 ft. ; 
extreme beam, 65 ft. 6 in. ; mean draft, 21 ft. 6 in. ; dis- 
placement, 6,000 tons ; to have two triple-expansion en- 
gines capable of working up to 6,500 H.P. and of giving 
a speed of 15.8 knots. The armor would be somewhat 
lighter than that in the first-class ship, including a water- 
line belt 15 in. thick, 155 ft. long, with bulkheads 13 in. 
thick ; an armored deck 24 and 2} in. thick; redoubts 
with 15-in. armor ; a barbette with 124 in. and a casemate 
with 4 in. of armor, The battery would include two 12- 
in. guns, two Io-in, guns, four 5-in. guns, 16 small rapid- 
fire guns, and six torpedo tubes. 

No. 4 shows a ram for harbor defense carrying only a 
limited supply of coal, as it is not expected to be used as 
a cruiser, The general dimensions of this are: Length 
between perpendiculars, 313 ft. ; extreme beam, 42 ft. 14 
in, ; mean draft, 18 ft. 2} in. ; displacement, 3,500 tons, 
On this vessel, for a length of 70 ft. forward, protection 
would be afforded by side armor of 4 in. worked on heavy 
Z-frames extending from the armored deck to below the 
water-line ; abaft this bulkhead the protection to be con- 
tinued by an armored deck with double side slopes. The 
engines would be of the triple-expansion type, four in num- 
ber, two on each shaft, capable of working * to 9,700 
H.P., and of giving a maximum speed of 20} knots with 








forced draft. The armament would consist of four 5-in. 
guns, 11 small rapid-fire guns, and two torpedo tubes, 

No. 5 gives the type plan for a first-class thin armored 
cruiser, which would have a length between perpendicu- 
lars of 335 ft., an extreme beam of 67 ft. 64 in., a mean 
draft of 22 ft. 3 in., and a displacement of 6,250 tons. 
This vessel would be protected by a complete belt of 
armor 8 ft. wide, ee from 5 to 4 in. in thickness, ex- 
tending the whole length of the vessel, and by an arched 
armored deck from 2} to 23 in. thick. There would also 
be a belt of water-excluding material. The plan provides 
for four triple-expansion engines, two on each shaft, capa- 
ble of working up to 9,800 H.P., and giving a maximum 
speed of 1g knots. The coal supply at load draft would 
be 625 tons, and on this supply the steaming distance at 
full speed would be 2,100 miles, or at low speed 7,000 
miles. The battery would consist of two 8-in. guns, ten 
5-in. rapid-fire guns, 18 small rapid-fire guns, and six 
torpedo tubes. 

No. 6 shows the plan for a first-class protected cruiser 
having a length between perpendiculars of 372 ft. ; a beam 
of 58 ft. 7 in, ; a mean draft of 23 ft. I14in., and a dis- 
placement of 7,500 tons. This ship would be protected 
by an armored deck, a belt of water-excluding material, 
and the arrangement of the coal bunkers to protect the 
machinery. It would have four triple-expansion engines, 
which could be worked up to 20,250 H.P., giving the ship 
a maximum speed of 22 knots, great speed when necessary 
being considered essential to this class of vessels. A coal 
supply of goo tons at load draft is provided for, and 1,600 
tons in all could be carried, the latter supply giving a 
cruising range at low speed of 15,000 miles. The arma- 
ment would be substantially the same as that of the thin- 
armored cruiser, consisting of two 8-in. guns, ten 5-in, 
rapid-fire guns, 18 small rapid-fire guns, and six torpedo 
tubes. 

No. 7 is a plan for a second-class protected cruiser hay- 
ing a length between perpendiculars of 324 ft. ; am ex- 
treme draft of 53 ft. 6 in. ; a mean draft of 20 ft. 7 in., and 
a displacement of 5,400 tons. This ship also is protected 
in the same way as the first class cruiser—that is, by an 
armored deck, a belt of water-excluding material, and the 
arrangement of the coal bunkers. It would also have four 
triple-expansion engines, giving 12,000 H,P. with forced 
draft, and a speed of 20 knots, with a total cruising range 
at low speed of 11,200 miles. The armament would con- 
sist of two 8-in. guns, twelve 5 in. rapid-fire guns, 14 
small rapid-fire guns, and six torpedo tubes. 

The report also recommends several other classes of 
vessels, smaller cruisers, gun-boats for special service, 
torpedo boats, and ships for torpedo depots and for repairs, 
for which no plans are given. 

It is believed that the brief descriptions given above, 
with the plans, will be sufficient to give a general idea of 
the vessels recommended by the Board, and we also add 
below a summary of the general recommendations pre- 
sented in its report as to the principles which should gov- 
ern the plans for new vessels. 

1. Hulls to be of mild steel, all riveting to be by ma- 
chine, and the limit of tensile strength to be Io to 20 per 
cent. greater than now used. As little wood-work as 
possible to be used. 

2. Armor to be of steel, on thin backing against heavy 
plating ; protective decks to be carried on heavy beams. 
Extensive use to be made of woodite as a subsidiary pro- 
tection ; this material to be used for water-line belts and 
similar purposes. All guns to be protected by shields 
when not enclosed in barbettes or turrets, 

3. Guns to be arranged so as to ohtain a large propor- 
tion of the total fire on all bearings. The heaviest pro- 
posed is 13 in., 35 calibers long, weighing about 60 tons ; 
the next 12 in., 35 calibers long, weighing 5o tons, Other 
types include the 8-in. and 5-in. breech-loading rifles, 
5-in. rapid-fire, and two sizes of small rapid-fire guns— 
6-lbs. and 1 Ib. 

4. Engines to be of the triple-expansion type, using 
steam of 140 lbs. pressure ; for nearly all the ships four 
‘engines to be used, two on each shaft. This involves 
somewhat more space and weight, but better proportioned 
engines can be obtained, and for cruising at low speeds 
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only two engines need be used. The boilers proposed are 
of the cylindrical type ; forced draft to be by the closed 
stoke-hole method. 


PROPOSALS FOR A PROTECTED CRUSIER. 


Proposals will be received at the Navy Department until 
June 10 for the new protected cruiser. This ship is to be 
built on the double-bottom cellular system, with numerous 
water-tight compartments, and will have an armored deck 
4% in. thick on the slopes and 2 in. thick on the flat over 
the machinery spaces ; 3 in. on the slopes and 2 in. on the 
flat, fore and aft. A belt of woodite 33 in. thick, in coffer- 
dams extending 4 ft. above and 4 ft. 5 in. below the load 
water-line, extends the whole length of the vessel. Coal 
protection is afforded to the machinery by the location of 
the bunkers along the side below the protective deck and 
above the deck for the length of the boiler and engine 
space. The hull plating is increased in thickness in wake 
of all machine guns. 

The general dimensions are: Length on load water- 
line, 314 ft. ; extreme breadth, 53 ft. ; mean draft, 21 ft. 
6 in. ; displacement, 5,500 tons. 

There are to be two screws, each driven by a triple- 
expansion engine with cylinders 42 in., 59 in., and 92 in. 
in diameter and 42 in. stroke. There will be six boilers, 
built to carry 160 lbs. working pressure. These engines 
are to work up to 13,500 H.P. with forced draft, and to 
give the ship a maximum speed of 20} knots. The total 
coal supply will be 1,300 tons, which will give a cruising 
_ of 2,200 knots at full speed or 13,000 knots at half 
speed. 

Minor points include eee 3 ped entirely below the 
protective deck ; a full electric-light system ; artificial ven- 
tilation by blowers ; two steel masts with double fighting 
tops. The quarters will have provision for 25 officers and 
441 men. 

The main battery is to consist of two 8-in. and ten 4-in. 
ot rifled guns. The 8-in. rifles are mounted 
on the center line in barbette turrets 4 in. thick, one at the 
forward and one at the after end of the superstructure, and 
train from directly ahead or astern to 50° on each side, abaft 
or before the beam, respectively. The ammunition is sup- 
— through armored tubes 3 in. thick, which permit 
oading in any position. The 4-in. guns are mounted on 
improved central-pivot mounts, and protected by fixed 
segmental shields 4 in. thick ; four of these guns forward 
have a fire from direct ahead to 63° abaft the beam ; the 
four after guns have a similar train before the beam ; the 
two 4-in. guns amidships have a broadside train through 
146°. The fire of all the forward and after guns respec- 
tively can be concentrated upon an object the length of 
the vessel directly ahead or astern. The secondary bat- 
tery will consist of eight 6-pdr. and six 3-pdr. rapid-fire 
guns, and 14 machine guns, mounted to be clear of the 
smoke and fire of the main battery and for efficient action 
against boat attacks. Wherever practicable protection is 
afforded the machine guns by plating 2}in. thick. In each 
of the lower military tops are mounted a 37-mm. Maxim and 
a i-pdr. Hotchkiss gun. An allowance of 150 rounds will 
be provided for each of the 8-in. and 4-in. guns. An aver- 
’ age of about 3,600 rounds is allowed for each of the guns 
in the secondary battery. 

The torpedo outfit consists of six launching tubes for 
Howell automobile torpedoes, one fixed at the stem, one 
at the stern, and two training tubes on each broadside. 


TRIAI, TRIPS OF NEW VESSELS. 


The preliminary trial of the Pii/adelphia was made by 
a trip down the Delaware and a short distance out to sea ; 
the results are not reported, as the trial was not an official 
one, but it is stated that they were very satisfactory to the 
builders, and that the speed of the ship and her general 
action under steam were fully equal to expectations. 

The torpedo-boat Cushing has been sent from the build- 
- ers’ yard at Newport to the Washington Navy Yard. 


The official trials will take place shortly, and the results 


are looked for with interest. The Cushing showed very 
good speed on her trip to Washington, although no at- 
tempt was made to drive her to full power. 





THE DEVELOPMENT OF ARMOR. 


By First LIEUTENANT JOSEPH M. CALIFF, THIRD U. S. 
ARTILLERY. 


(Copyright, 1889, by_M. N. Forney.) 
(Continued from page 217.) 


XII.—THE CONFEDERATE IRON-CLADS, 


FRom the beginning, the Confederate naval authorities 
were far more alive to the necessity of armor-clad vessels 
than our own. Their construction, however, was attended 
with difficulties of which we knew nothing. Except the 
Tredegar Works, at Richmond, there were, at the begin- 
ning, no mills capable of rolling armor-plate ; there were 
few or no merchant steamers beyond a river steamboat 
that could be converted for naval use, and few facilities 
for building new ones ; iron was scarce, and trained sea- 
men hard to get. Later on rolling mills were established 
at Selma and Atlanta. Notwithstanding these disadvan- 
tages, the armored fleet turned out was an exceedingly 
creditable and serviceable one. 

The Merrimac or Virginia, as they called her, was the 
first essay in the direction of an iron-clad. As already 
stated, this vessel was well under way before the keel of 
the Monitor was laid down. The huil of the old frigate 
Merrimac served as a foundation, and upon this a case- 
mate 140 ft. in length was erected, with sides sloping at 
an angle of 35°. The armor was rolled out of railroad 
iron into plates 8 in. in width and 2 in. in thickness. Two 
layers of these iron slabs were secured to the sides and 
ends of the casemate ; the inner layer horizontal, the outer 

















one vertical.. The wood backing was 22 in. in thickness, 
through which the armor bolts were driven and clinched 
on the inside. The pilot-house at the forward end of the 
casemate was conical and armored. Iron gratings cov- 
ered the top of the casemate, Fig. 3 gives a cross-section, 
and shows the method of applying the armor. The sides 
of the casemates were carried 2 ft. below the water-line, 
and the ends were submerged the same distance, The 
armor was continued down to the knuckle, where it was 
clamped. Bulwarks were erected around the submerged 
ends. The Merrimac served, in all essential particulars, 
as a model upon which all of their subsequent iron-clads 
were built, 

Built for the defense of Mobile, the Zennessee may be 
said to have been the most powerful, if not the most cred- 
itable production of the Confederate naval authorities. 
With the exception of her engines, she was built entirely 
of home-prepared material. She was a casemated iron- 
clad much like the Merrimac in general design, with a 
casemate some 8o ft. in length, whose sides and ends 
sloped at an angle of 45°. Like the MJerrzmac, the case- 
mate was carried 2 ft. below water, and then returned to 
meet the sides some 7 ft. from the water-line. The knuckle 
projected 10 ft. beyond the casemate, and afforded ample 
protection against an enemy's rams. The armor on the 
sides was 6 in. in thickness, made up of three 2-in. plates 
7 in. in width, On the ends the armor was 5 in. in thick- 
ness, all secured by through bolts set up with nuts on the 
inside. Behind the armor was a backing of 25 in. of oak 
and yellow-pine. Two inches of iron protected the deck, 
and the ports were closed with 5-in. sliding iron shutters. 
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The iron-clad ram A//anéa is said to have been built 
with a special view to raising the blockade along the South 
Atlantic Coast. When finished her constructors evidently 
believed her to be more than a match for any of the block- 
ading fleet. It was a case of sadly misplaced confidence. 
The hull of a blockade-runner supplied the foundation upon 
which a casemate with inclined sides and ends was erected. 
Upon the 18 in, of pine and oak backing two layers of 2-in. 
armor-plate, rolled out of railroad iron, were fastened. 
To obtain the necessary flotation a raft of timber was built 
over the deck and 6 ft. out from the sides, where it met 
the slope of the casemate. The armor was secured by 
throu E bolts and nuts. A ram and torpedo-spar com- 
pleted her equipment. 

Perhaps no war vessel was ever constructed under greater 
difficulties than the A/Jemar/e, Built in an open corn- 
field, of unseasoned timber, and with only such aid as was 
afforded by a common country blacksmith’s forge, of 
which not only the material for the iron plating but much 
of that for the machinery was literally picked up in bits, 
wherever it could be found, it was a brilliant illustration 
of what well-directed and untiring energy can do. 

The foundation had much the appearance of an im- 
mense flat-bottomed scow. Upon this was a 60-ft. octag- 
onal casemate with sloping sides and plated with two 
layers of 2-in. iron. Like all the Confederate iron-clads, 
the A/bemarle had no engines that could properly propel 
her. Had she been otherwise provided in this respect, it 
is quite probable that she would, temporarily at least, have 
cleared the sounds of North Carolina, 

At Charleston four iron-clad rams were built, but be- 
yond a single raid, in which one wooden gun-boat was 
completely disabled and another compelled to surrender, 
nothing was accomplished. All were captured or blown 
up at the capture of the city. 

Of the three iron-clads that formed the James River fleet 
only one needs mention—the Virginia (not of Monitor 
fame)—from the fact that she was provided with heavier 
armor than any other Confederate iron-clad, 6 in, side and 
8 in. end armor on her casematés. None of them took a 
prominent part in hostilities, but the moral effect of their 
presence as a factor in the defense of Richmond was not 
inconsiderable. They were destroyed upon the evacuation 
of the city. 

For the defense of New Orleans and the lower Missis- 
sippi, the iron-clads Louis¢ana and Mississippi were de- 
signed. The latter was never completed, and the former 
was barely so when Farragut forced the defenses of the 
city. Her engines were so inadequate that her only part 
in the defense was that of a floating battery. Her case- 
mate was armored with railroad iron, of which several 
hundred tons were used, She was set on fire and blown 
up by her commander. 

On the Yazoo River the Confederates completed the Ar- 
kansas, Unlike their other casemated iron-clads, the 
ends of the casemate only were inclined. Iron taken from 
railroad tracks supplied the armor. The rails were placed 
horizontally along the sides and up and down on the ends, 
and dovetailed together. With a substantial wood back- 
ing this improvised armor gave a remarkably good account 
of itself during subsequent operations. 

The weak point in every one of the Confederate iron- 
clads lay in their machinery. None of them had engines 
that could propel them more than six knots an hour under 
the most favorable conditions, while many of them could 
hardly be given steerage way. What the A/demar/e, the 
Arkansas or the Tennessee could have done if provided 
with powerful machinery can well be imagined. Gener- 
ally speaking, their armament consisted of 6 and 7-in. 
converted rifles. 


XIII.—THE TEST OF BATTLE. 


In February, 1862, the first armor-clad vessels built in 
the United States received their baptism of fire. When 
the advance against Forts Henry and Donelson had been 
decided upon by General Grant, four of the eight iron- 
clads built by Captain Eads were ordered to co-operate, 
under Flag-Officer Foote. These boats were under control 
of the War Department, and a detail from the Army had 
been promised to help man them. Only a small detach- 





ment reported, and so difficult was it to obtain men that 
four of the iron-clads were left behind for want of proper 
crews. 

In the attack on Fort Henry, the Confederates brought 
It guns to bear—a 60-Ib. rifle, a 10-in. columbiad, and 
the remainder 32 and 42-lb. smooth-bores, It will be re- 
membered that these vessels were armored only on the 
front ends of their casemate and abreast the machinery on 
the sides. The action opened at 1,700 yards, and the dis- 
tance was gradually reduced to 600, and was continued a 
little more than an hour. The flag-ship was struck 32 
times and one of her consorts 30 times. Although the 
armor was in many places badly shattered, the general re- 
sult of this, the first test, was to demonstrate the ability of 
even 2} in. of inclined iron armor to keep out any projec- 
tiles likely to be encountered on the Western rivers. The 
great defect in these vessels, as shown by this action, was 
the leaving of so large a portion of the sides unprotected, 
and the neglect to provide armored shutters for the gun- 
ports. Smoke-stacks were badly damaged, and we read of 
after-cabins being riddled with shot and of guns disabled 
by shot coming through the ports or unarmored sides, 
The most serious mishap was that of a shot coming in over 
one of the bow-guns of the Zssex and entering one of the 
boilers. Twenty-eight of the 39 casualties which occurred 
in the fleet were from escaping steam in this instance. 

At the end of the hour the batteries on shore were in a 
sorry plight. The 60-pounder.rifle had burst ; the colum- 
biad became accidentally spiked, and five of the remaining 
guns had become disabled. A storm had delayed the 
troops, so that the action was fought and won by the gun- 
boats, to whom the fort surrendered. 

At Fort Donelson, a week’later, the fighting qualities of 
the iron-clad gun-boats were put to even a severer test 
than the one just mentioned. The position of the Con- 
federate batteries, 30 odd feet above the river, gave 
them a plunging fire upon the gun-boats. Their arma- 
ment was I2 guns, principally 32-pounders. The fight 
opened at a mile range and was continued down to 400 
yards, and lasted an hour and a half—four iron-clads 
taking part. The wheel of. the flag ship. and the tiller- 
ropes of another were shot away about the same time, and 
both boats drifted helplessly out of action, which practi- 
cally ended the attack. The flag-ship was struck $9 times, 
and all were well battered. The armor-plates were badly 
cracked and broken in places, but the armored portions of 
the vessels were nowhere penetrated. The pilot-houses 
suffered the most; the flag-officer was severely and four 
pilots mortally wounded, or killed outright. 

A month after the Western gun-boats had had their test 
of battle came the first fight of the iron-clads. It was the 
first recorded instance wherein we have the spectacle of 
two armored war-ships meeting in battle. It was turret 
against casemate. In it the 8-in. turret armor of the 
Monitor was pitted against the 4-in. inclined armor of the 
Merrimac. In armament, the two t1-in. Dahlgrens of 
the one were opposed by the Io guns—six g-in. and four 
6 and 7-in. converted Brooke rifles—of the other. The 
Monitor fired 43 rounds during the engagement against 
perhaps twice as many by her antagonist. Although 
fought almost muzzle to muzzle, no permanent injury was 
inflicted upon either side. The report of the Merrimac 
says that the marks of 97 shot were found on her case- 
mate ; that six of the top layer of plates were broken—none 
of the lower layer—and that the backing was uninjured. 
The Merrimac had received the broadsides of the Con- 
gress and Cumberland at close range, as well as several 
from the Minnesota. But while the armored portions 
had received little injury, everything outside was de- 
stroyed. The smoke-stack, steam-pipes and an anchor 
were shot away, together with railings, boat-davits and 
the like. A loss of 21 killed and wounded was reported. 
The Merrimac fired shell principally, from which it appears 
that there was no expectation, when she went out, that she 
would be called upon to engage anything but wooden 
vessels. 

The Monitor was struck by 21 shot, seven of which were 
upon the turret. The only serious casualty was that to 
Captain Worden, in the pilot-house, Her projectiles were 
168 Ibs, solid shot. Some hammered wrought-iron pro- 
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jectiles had been provided, but they had been hurriedl 
finished and, owing to fear of jamming, were not used, 
The small damage inflicted upon the casemate of the 
Merrimac is in a great measure explained by the fact that 
with her 168 lb. projectiles a charge of only 15 lbs. of pow- 
der was used, giving a striking energy of but about 1,300 
foot-tons. These guns were afterward fired with double 
this weight of powder. 
(TO BE CONTINUED.) 
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AN ITALIAN PASSENGER LOCOMOTIVE. 








THE accompanying illustrations, which are taken from 
the London Razlway Engineer, show an engine and tender 
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Superintendent of the road, and built under the superin- 
tendence of Sr. Enrico Riva, Superintendent of the shops. 
It is one of 30 of the same pattern which have been in ser- 
pa fora year or more on the Adriatic Division of the 
road, 

The principal point to be noted is that in all the more 
important respects the engine is of the American type. 
The four-coupled drivers, the four-wheel truck, the outside 
cylinders with the steam-chests on top, the shifting link 
and the valve-rods worked from a rocker-shaft are the dis- 
tinctive features of the engine, and the truck itself is of the 
swinging-bolster type. 

In the accompanying illustrations the first is a general 
view of the engine and tender ; fig. 2 is a longitudinal sec- 
tion of the engine ; figs. 3 and 4 are each half horizontal 
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EXPRESS PASSENGER LOCOMOTIVE, {SOUTHERN RAILROAD; OF: ITALY. 


which were exhibited at Paris last year by the Southern 
Railroad Company of Italy, and which were built at that 
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company’s works in Verona. The engine was designed 
by Sr. Commendatore Saverio Agazzi, Chief Locomotive 





sections ; fig. 5 shows the front end, one-half in elevation 
and one-half in section ; fig. 6 shows the back end, also 





Fig. 6. 
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a Fig.7. 


; . 
one-half in elevation and one-half in section; fig. 7 is a 
cross-section showing the arrangement of the rocker-box, 
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EXPRESS PASSENGER LOCOMOTIVE, SOUTHERN RAILROAD OF ITALY. 
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etc., and fig. 8 a section of the cylinder and steam-chest 
showing the valve-rod and rocker. 

The boilers of these engines are large, as the division of 
the road upon which they run has many heavy grades, 
while the through trains are run ata high speed. They 
are 51.2 in. diameter of barrel and 12 ft. 0.3 in. in length. 
There are 181 tubes 1.97 in. outside diameter and 11 ft. 
9.7 in. in length. The outer shell of the boiler is of steel 
and the fire-box of copper. 

The cylinders are 17.9 in. diameter and 23.6 in. stroke. 
The steam-ports are 1.18 X 13.8 in. in size and the exhaust- 
ports 2.36 X 13.8 in.; the maximum travel of the valve is 
5.12 in. The driving-wheels are 6 ft. 3.6 in. in diameter, 
and the driving-axle bearings are 7.1 X 9.1 in. The truck 
wheels are 3 ft. 1.4 in. in diameter and the truck axle bear- 
ings are 5.5 X 8.7 in, The distance from the center of 





























the truck"to-thejcenter of‘the forward driver is 10 ft. 0.7 
in.; the driving-wheels are 7 ft. 11.7 in. between centers, 
and the truck wheels are 6 ft. 3.7 in. apart between cen- 
ters. The total weight of the engine in working order is 
43% tons, of which 28 tons are carried on the driving- 
wheels and 154 tons on the truck. The driving-wheels are 
equalized in the American style. 

The tender is carried on three pairs of wheels 44.1 in. in 
diameter. The capacity of the tank is 4,933 galls. of water, 
and about 44 tons of coal can be carried. The weight of 
the tender loaded to its full capacity is 24.9 tons. 

Engines of this type have been in service on the road 
for some time, drawing heavy trains of from 40 to 44 axles. 
The express trains of this line run at an average speed of 
from 34 to 40 miles an hour, and at times the engines have 
been run up to from 50 to 56 miles an hour ; at that speed 
they run very steadily and without jolting. They may now 
be considered as the standard passenger type of the road. 
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CONTRIBUTIONS TO PRACTICAL RAILROAD 
INFORMATION.* 





CHEMISTRY APPLIED TO RAILROADS, 
VII. LUBRICANTS AND BURNING OILS. 


By C. B. DUDLEY, CHEMIST, AND F. N. PEASE, ASSIST- 
ANT CHEMIST, OF THE PENNSYLVANIA RAILROAD, 





(Copyright, 1889, by C. B. Dudley and F. N. Pease.) 





(Continued from page 226.) 





IN the articles of this series which have preceded, the 
following kinds of oil, for lubrication and burning, have 


* The above is one of a series of articles by Dr. C. B. Dudley, Chemist, 
and F .N. Pease, Assistant Chemist, of the Pennsylvania Railroad, who are in 
charge of the testing laboratory at Altoona. They will give summaries of 
original researches and of work done in testing materials in the laboratory 
referred to, and very complete specifications of the different kinds of material 
which are used on the road and which must be bought by the Company. 
These specifications have been prepared as the result of careful investigations, 
and will be given in full, with the reasons which have led to their adoption. 

he articles will contain information which cannot be found elsewhere. 
No. I, in the Journat for December, is on the Work of the Chemist ona Rail- 
road; No. II, in ge poe number, is on Tallow, describing its impurities 
and adulterations, and their injurious effects on the machinery to which it is 
applied; No. III, in the February number, and No. IV, in the March num- 
ber, are on Lard Oil; No. V, in the April number, and No. VI, in the May 
number, en Petroleum Products. These chapters will be followed by others 
on different kinds of railroad supplies. Managers, superintendents, purchas- 
ing agents and others will find these ConrrisuTions TO Practricat RAILROAD 
INFORMATION of special value in indicating the true character of the materials 
they must use and buy. 





been described—namely, tallow, extra lard oil, extra No. 1 
lard oil, 150° fire-test burning oil, 300° fire-test burning 
oil, paraffine oil, well oil, and 500° fire-test oil. These 
eight products are received from the manufacturers direct, 
in larger or smaller shipments. They are all commercial 
articles, and their methods of manufacture, together with 
their peculiarities and the precautions necessary to be 
made use of in order to get good materials, under these 
various names, from the market, have been described. 
These eight substances, however, are not all used in the 
service in the same condition in which they are received 
from the manufacturers, Some of them are used just as 
we receive them ; others are made into mixtures, and it is 
the object of this article to describe the use of these vari- 
ous lubricating and burning oils, in accordance with the 
present practice of the Pennsylvania Railroad. 

First, in regard to burning oils. Three of the eight 
products mentioned above are used for burning purposes— 
namely, 150° fire-test burning oil, 300° fire-test oe oil, 
and extra lard oil. The 150° fire-test burning oil, and the 
300° fire-test burning oil, are used alone for burning pur- 
poses. ‘The extra lard oil is not used alone for burning, 
under any circumstances, although up to within a few 
years some portions of the road have used this oil as sig- 
nal oil. At present mixed with 300° fire-test burning oil 
and 150° fire-test burning oil, it forms what is known as 
Signal Oil. Mixed with 300° fire-test burning oil alone, it 
is known under the name of Navy Sperm Oil. This makes 
four oils used for burning. The following explanations 
may be made in regard to each of these oils. 

1. The 150° Fire-test Burning Oil.—This oil is used in 
headlights, in switch signal lamps, both high and low, in 
semaphore signal lamps, at the block signal towers, in 
torches, and also for lighting ticket and other offices and 
stations not otherwise provided for. It is also used, as 
will be described below, as a constituent of the signal oil. 
In headlights, the ordinary headlight burner without a 
button is used. In switch signal lamps what is known as 
the thin-wick burner is used, and this same burner is also 
used somewhat for semaphore signals. For torches, the 
standard torch burner is used, and either the No. 1 or 
No. 2 Sun burner, or their equivalents, or the Argand 
burner are used in all other places with this oil. 

2. The 300° Fire-test Burning Ozl.—This oil is used most 
largely for lighting passenger cars, and is also used, as 
will be described below, as a constituent of the signal and 
navy sperm oils. As has already been hinted in one of 
the previous articles, it is hoped that sooner or later 300° 
burning oil will be used in every place where 150° burning 
oil is now used, thus securing greater safety than is char- 
acteristic of the present practice. The difficulty in the 
way of using 300° fire-test burning oil universally is at 
present a question of burners and wicks. The ordinary 
burner and wick, which burns the 150° fire-test burning 
oil with perfect success, does not work well with 300° oil 
alone. Progress, however, is constantly being made in 
this line, and it is entirely possible that before many 
months 300° fire-test oil may be used to the almost entire 
exclusion of 150° oil. 

3. Signal Oil.—This is one of the most important oils 
used on a railroad. What is known as signal oil is uni- 
versally the oil for the hand lanterns, and on the Pennsyl- 
vania Railroad the rear-end signal lanterns on passenger 
trains use the same oil. A large number of experiments 
have been made to get a good mixture which will be per- 
fectly satisfactory as a signal oil. At present the signal 
oil on the Pennsylvania Railroad is made of four parts 
extra lard oil, five parts 300° fire-test burning oil, and one 
part 150° fire-test burning oil. The flashing point of this 
oil is about 221° Fahrenheit, and the burning point about 
270°. The old signal oil, which was used with great suc- 
cess for many years on most of-the railroads of the coun- 
try, was a mixture of two parts extra lard oil and one 
part 150° fire-test burning oil. Later it was found that a 
percentage of 300° burning oil could be introduced into 
the mixture with no detriment so far as light and burning 
were concerned, and some roads, we believe, have used a 
mixture of extra lard oil and 300° fire-test oil alone. It 
will be observed that a percentage of 150° fire-test burn- 
ing oil is retained for the present in our signal oil mixture. 
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There are certain advantages connected with this percen- 
tage of 150° oil—namely, a better cold test and a little freer 
burning, with less tendency to smoke than would be ob- 
tained if the 150° oil was removed completely. Our ex- 
a indicate, however, that it is quite possible to 

ave a very successful signal oil without any 150° burning 
oil in it, and should the use of the 150° oil for this purpose 
be abandoned, as is hinted at above, there would really be 
no meen = introduced, so far as the signal oil is con- 
cerned. The burner used with signal oil is simply a tube, 
holding a very loosely woven wick. The more tightly 
woven wick used for the petroleum products is not applica- 
ble to signal oil, nc nwt on account of its viscosity. 
The tube is usually fitted with slots for picking up the wick 
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burning oil. It is used in hand lanterns and petticoat 
lamps on the floating equipment, in the same way that 
signal oil is used on land. The reason for the existence 
of this oil is, that the laws of certain States do not allow 
less than a 300° fire-test burning oil to be used on the 
floating equipment. This oil works charmingly with the 
same kind of wick and burner as is used with signal oil, 
and as has already been stated two or three times, it looks 
as though ultimately a mixture similar to navy sperm oil 
will become the burning oil for hand lanterns, and in 
lamps throughout the whole road. 

The difficulties arising in the service from the use of the 
various kinds of burning oil during the past 15 years have 
been carefully investigated, and a study of almost each 
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instead of the wheel arrangement which is common with 
the petroleum products. Many efforts have been made to 
introduce the wheel arrangement on hand lanterns, but 
the wick that gives best results with signal oil is so soft 
and loosely woven that difficulties frequently arise in at- 
tempting to use the wheel arrangement for adjusting the 
wick in hand lanterns. We know that some roads use them, 
but we have never felt willing to recommend them on ac- 
count of the tendency to substitute the petroleum wick for 
the regular signal oil wick, to avoid the difficulty above 
mentioned. 

4. The Navy Sperm Oil.—This oil, which is used on 
the floating equipment, differs from signal oil simply in 
being made of half extra lard oil and half 300° fire-test 


individual case has been made. Moreover, the interests 
involved in signals are so tremendous, it has been felt 
that any amount of study and care was not too great to 
secure an oil which would give perfectly reliable and sat- 
isfactory results. Some two or three years ago the results 
of the investigation of all the cases of signals which had 
failed or given difficulty in service were brought together, 
and a circular of instructions to the men drawn up em- 
bodying the results above referred to, and giving instruc- 
tions as to how to avoid these difficulties in future. This 
circular is given in full below, and since its issue the com- 
plaints in regard to failure of signals and difficulties with 


the lamps have diminished quite largely. The following 
is the circular ; . 
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PENNSYLVANIA RAILROAD COMPANY, 
Motive Power Department. 


Information and Instructions in Regard te Burning Oils and the 
Care of Lamps, 


The oils used for burning are : 

I, 150° FIRE-TEST O1L—Known also as ‘‘ Head Light Oil’’ 
and *‘ Carbon Oil.” The ‘‘ Kerosene Oil’’ of market is the 
same in kind, only lower in fire test, and cannot be used in 
place of 150° oil. 

2. 300° Fire-TEST O1L.—Known also as ‘‘ Mineral Sperm,’’ 
** Mineral Seal.’’ ‘‘ Golden Light,’’ and ‘* Sunlight’ oil. 

3. SIGNAL O1L—Which is a mixture of extra lard oil, 150° 
oil and 300° oil. 

4- Navy Sperm—Which is a mixture of extra lard oil and 
300° oil. : 

The 1st and 2d are petroleum, and the 3d and 4th fatty burn- 
ing oils. 

THE 150° FIRE-TEST OIL. 


A tightly woven compact wick should be used. 

It will burn successfully with any good burner that has a 
chimney, either Dual, Argand, or any of the numerous kerosene 
oil burners of the market; it also burns well with a wick as 
above in a number of no-chimney burners to be found in the 
market ; it gives satisfactory results without a chimney, with 
the thin-wick burner, but in this case a special thin wick 
adapted to the burners must be used. It works well also in 
torches with any good torch wicking. 


THE 300° FIRE-TEST OIL. 


The same kind of tightly woven compact wick as described 
for 150° fire-test oil should be used. 

It always requires a chimney, and either the Dual or the 
Argand burner ; it works best with the Dual, is less satisfactory 
with the Argand, and gives very poor results with the ordinary 
kerosene oil burners. 


THE SIGNAL AND NAVY SPERM OIL. 


A loosely woven wick should be used. 

Neither will burn successfully with the tightly woven com- 
pact wicks used with the petroleum oils. The wicking best 
adapted to fatty burning oils is known in the market as No. 1 
lard oil wicking. 

Neither requires a chimney and the burners need be little 
more than tubes, in which the wick fits closely enough to main: 
tain itself in place, having slots for adjustment. 

The tubes may be round or flat, and the hand wheel or pinion 
used in adjusting the wicks of petroleum burners should not be 
used. 

Any of these four oils may give bad results from the follow- 
ing causes : 

1. Clogging of the wick.—There may be two causes for this— 
Ist, it is impracticable to keep either the lamps or the oils, be- 
fore they are put into the lamps, free from fine particles of dust 
and dirt, and the wick being a filter, sooner or later becomes 
clogged with this dust and dirt. 2d. All the oils undergo slow 
changes by exposure to the light and air, which seem to result 
in the formation of tarry or gelatinous matter which clogs the 
wick and prevents it from doing its work satisfactorily. 

2. Wicks fitting too tightly or too loosely in the tube.—The 
effect of the wick being too tight is to prevent the oil flowing 
to the flame, and if too loose it frequently jars down and dimin- 
ishes or extinguishes the light. 

3. Use of the wrong wick,—The closely woven compact wick 
will not burn signal oil or navy sperm oil successfully, and 
should not be used with them. 

The loosely woven wick will burn the petroleum oils success- 
fully, but its loose texture gives much difficulty with the hand 
wheel or pinion used with the compact wick, so that it is not 
advisable to use it with the petroleum oils. 

4. Wicks of inferior quality.—This is of very rare occurrence, 

5. Zhe ott being too old.—This may occur with any of the 
four oils mentioned. It is least likely to cause trouble with 
150° oil, rather more so with 300°, but signal oil and navy 
sperm oil often give difficulty from this cause. The petroleum 
oils six months old rarely give serious difficulty, but the fatty 
oils three months old will almost certainly give trouble. This 
is true of the oil in the lamp as well as of the oi] in cans or bar- 
rels. Where lamps are little used the age of the oil is not un- 
frequently the cause of trouble. When lamps are filled with 
fresh oil, and burned every day, the difficulty due to old oil is 
greatly diminished, but all lamps sooner or later will give diffi 
culty from this cause. 

6. Different oils mixed in the same lamp.—A small amount of 





150° oil mixed with either of the other oils will cause no diffi- © 
culty ; a large amount would make 300° oil more dangerous, but 
would not seriously affect it otherwise. It would cause the 
signal oil and navy sperm oil to smoke badly, and make them 
both dangerous to use. 

A small amount of 300° oil mixed with 150° oil would dimin- 
ish the light, and a larger amount would have the same effect 
in a greater degree. A small amount of 300° oil added to either 
signal oil or navy sperm oil would have very little effect. A 
large amount would make both of them smoke, and would in- 
crease the danger of these oils. 

A small amount of either signal oil or navy sperm oil mixed 
with either 150° or 300° oils is a very serious matter. The 
light diminishes and the wick begins to crust at once, and no 
further satisfactory results can be obtained from that lamp until 
the oil in the lamp has been thrown away, the lamp and burner 
thoroughly cleaned, and a new wick and fresh oil of the right 
kind put in the lamp. -A large amount of signal oil or navy 
sperm oil with either of the petroleum oils increases the difficulty, 
and indeed may cause the light to go out entirely. 

Mixing signal oil and navy sperm oil in the same lamp is 
followed by no serious difficulties, but signal oil should never 
be mixed with navy sperm on the floating equipment. 

7. Congealed oil in lamps.—This difficulty occurs with the fatty 
oils, and occasionally with 300° oil. The 150° oil rarely gives 
trouble from this cause. When this difficulty occurs it is evi- 
dent either that the lamp is not sufficiently well protected, or 
that an attempt has been made to use an oil unadapted to the 
situation. The navy sperm oil congeals so as to give trouble 
at 50° Fahrenheit, the signal oil at 40° Fahrenheit, the 300° 
oil at 25° Fahrenheit, and the 150° oil in general at zero Fahren- 
heit, although some shipments are perfectly clear at 20° below 
zero Fahrenheit. As more or less heat is always conveyed 
from the burner to the lamp, it is probable that all of these oils 
can be used in situations from 10 to 20 degrees lower than the 
figures above given. Many devices have been used for keeping 
the oil in exposed lamps fluid, most of which depend on util- 
izing some of the heat from the burner for this purpose. It is 
best to use always an oil which will not congeal in the situa- 
tion, or to protect the lamp so that the oil will not congeal ; but 
if from any cause oil must be used which congeals in the situ- 
ation, it is advisable to use some of the devices above referred 
to. 

8. Cloudy oil.—This occurs mostly with the petroleum oils, 
but may also happen with the fatty oils. In the fatty oils the 
cloudiness is due to finely suspended “dirt or dust, or to gluey 
or gelatinous matter which comes originally from the lard oil 
used in compounding signal and navy sperm oils. In these 
oils the cloudiness will generally disappear if the oil is allowed 
to settle. In the petroleum oils the cloudiness is generally due 
to gluey matter from the inside of the barrels, put in to make 
the barrels tight, or possibly to watery sedimentary matter left 
in the oil at the works during the process of purification, Both 
these difficulties are due to carelessness at the oil refineries, but 
their effects are most disastrous. A lamp in perfect order, 
filled once or twice with cloudy 150° or 300° oils, will ever after 
give unsatisfactory light, no matter how much good oil is sub- 
sequently added, until the wick and cloudy oil in the lamp are 
thrown away, the lamp cleaned, and a new wick and fresh, 
good oi) supplied. Cloudy petroleum oils probably occasion 
more difficulty in lamps than any other single cause. 

9. The oil level too far away from the flame.—This is a fault 
in the construction of the lamp and burner more than anything 
else, though the texture of the wick has an influence. 

It is desirable to have lamps in which the oil level cannot 
become, even when the lamp is nearly empty, more than 5 in. 
from the bottom of the flame for 150° oil, 4 in. for 300° oil, 
and 3 in. for the fatty oils. In general an effort should be 
made by frequent filling to keep the oil level as near the 
bottom of the fame as possible, but this should not be construed 
as permitting a lighted lamp ever to be filled. 

10. Miscellaneous causes.—It is not necessary to remark upon 
the difficulties which may arise from such obvious causes as 
‘* burner out of repair,” ‘* burner tube choked with crust,” ‘‘ no 
oil in the lamp,’’ ‘‘ want of trimming,’’ ‘‘ dirty chimneys,”’ 
*‘ wick too short to reach the oil level,’’ or ‘‘ lamp so situated 
that it blows out.’’ 

; Whenever a lamp gives unsatisfactory light, proceed as fol- 
ows : 

1. If the difficulty arises from any of the causes mentioned 
in Section 10 above, apply the appropriate obvious remedy. 

2. If the oil is congealed, use a different oil, protect the lamp 
better, or use some device to keep the oil fluid. 

3. If the wick is of the wrong kind, too tight or too loose, 
change it. 

4. Put in a new wick which will remove the difficulty if it is 
due to the old wick having become clogged. 
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5. If none of the above directions remove the difficulty, burn 
the oil down low, throw away the wick and the oil left in the 
lamp, and also the oil supply in the can, clean the lamp, burner, 
and can thoroughly, and start afresh with a new wick and new 


oil. 

6. If the difficulty still continues, shake the oil-can thor- 
oughly, pour out a little of the oil into a glass bottle, and see if 
it is cloudy. If so send a bottle of it to the Superintendent 
Motive Power for examination. At the same time, get a new 
supply of clear oi), also burn the oil down Jow, throw away the 
oil and wick, clean the lamp and start afresh with clear oil. 

7. As a final resort, send the lamp, the wick, and, if possible, 
not less than a quart of the oil to the Superintendent Motive 
Power, with a letter stating what the difficulty is, and where the 
oil and wick were obtained. 

All persons in charge of oil supplies will be held strictly re- 
sponsible for giving out into the service any cloudy oils. Sig- 
nal oil and navy sperm oil should always, if possible, be held 
in tank long enough to settle clear. If this is not possible it 
should all be filtered through heavy canton flannel. As soon 
as a shipment of 150° or 300° oil is received each barrel should 
be rolled about, so that the oil is thoroughly mixed, and then a 
sample examined to see if the oil is cloudy. All barrels con- 
taining cloudy oil must be set aside and not used. 

APPROVED: JUNE 13, 1887. 

THEODORE N. ELy, 
General Superintendent Motive Power. 


Second, in regard to lubricating oils, the five other prod- 
ucts mentioned above—namely, the extra No.1 lard oil, 
paraffine oil, well oil, 500° fire-test oil, and the tallow are 
used for lubrication, some of the materials being used 
pure and simple as we receive them, and others mixed. 
The extra No, 1 lard oil is not used alone for lubrication 
except in special cases. On fast passenger trains it is 
sometimes used in the car boxes, and sometimes also in 
the very hot weather it may be used alone as engine oil on 
locomotives. The tendency of the practice during the 
past few years has been, however, toward using some sort 
of a lubricating grease instead of extra No. 1 lard oil on 
the fast passenger trains. The principal use of extra No, 
1 lard oil is as a constituent of engine oil, as will be de- 
scribed below. 

The well oil is used exclusively for freight car lubrica- 
tion in the car boxes. In certain portions of the service it 
may be used likewise on passenger trains in the boxes, 
and also in passenger and freight engine tender trucks. 
It is also used for miscellaneous greasing in the foundries, 
and also in making passenger car oil for a portion of the 
passenger car equipment. 

The engine oil is at present a mixture of half extra No. 1 
lard oil and half paraffine oil. This is, perhaps, the most 
important lubricating oil used on the road. It is used on 
all engine machinery, in engine and tender truck boxes, 
except as prey specified in certain portions of the 
service. It is used on shafting everywhere in the shops, 
for machine tools, bolt cutting, and for general lubrication 
everywhere except passenger and freight cars. Many ex- 
periments have been made with mixtures of lard and par- 
affine oils to arrive at the best results. At one time mix- 
tures of two-thirds lard and one-third paraffine oil weré 
used on passenger engines, and one-half lard and one-half 
paraffine oil on freight engines. Again, a summer engine 
oil and a winter engine oil were made, the winter engine 
oil differing in having a larger percentage of paraffine oil 
on account of the cold test. Furthermore the market has 
frequently furnished different grades of paraffine oil, with 
the claim that more of this special paraffine oil could be 
used in making engine oil with economy, since the par- 
affine oil is much cheaper than lard oil. Many experiments 
have been made on this point, some of which seem to indi- 
cate that an engine oil of three-quarters paraffine oil and 
one-quarter extra No. 1 lard oil would work satisfactorily. 
All these mixtures, however, have produced no permanent 
change in the engine oil mixture, which has been used as 
above stated for now some Io years or more without 
change. Certain portions of the service, especially those 
having lighter pressures, could use a larger percentage of 
paraffine oil, and also certain portions of the engine service 
could use an oil with a larger percentage of paraffine oil 
in it ; but the introduction of a large number of oils, differ- 
ing from each other in the proportions of their constituents, 





introduced such difficulties into the service that all at-. 


._ tempts to produce these very small economies have been 


abandoned, and one engine oil is used for all general lubri- 
cation. The difficulties of having a number of different 
kinds of lubricating oils, differing in proportions of the 
same ingredients, are liability of confusion in using the 
various oils, since they cannot be identified by simple in- 
spection, and the complications which arise from the neces- 
sity of keeping a number of oils in stock at each place 
where they are given out to the service. 

There are certain peculiarities in the service which this 
uniform grade of engine oil does not cover to perfect satis- 
faction—namely, extremes of hot and cold weather. In 
the extreme hot weather the engine oil is a little too limpid 
for crank-pins, although working well in other places, and in 
the extreme cold weather, although a cold test is enforced 
as severe as the ingredients will bear, the engine oil is fre- 
quently too stiff for satisfactory service. Both these emer- 
gencies are met when they arise on the engine. Every 
engineer carries a little tallow or a little extra No. 1 lard 
oil for the hot weather emergencies, and for the cold 
weather emergencies it is not at all uncommon to mix head- 
light oil with the engine oil, It is deemed advantageous 
to have these emergencies met by the engineers as they 
arise rather than to attempt to furnish an oil which would 
meet the vhs bcp and would at best, perhaps, only be 
used a few days ata time. So successful has the engine 
oil on the Pennsylvania Railroad been, that any attempts 
to change the oil meet with considerable opposition from 
the service. We really would hardly know how to make 
a single oil for general lubrication everywhere which 
would meet the requirements better than the above mix- 
ture, 

The passenger car oil, which is not peyote used for 
passenger cars, is a mixture of one-third extra No. 1 lard 
oil and two-thirds well oil. Many of the branch roads, 
and indeed some portions of the main line, use well oil in 
passenger car boxes with perfect success, and where the 
speed is not above 25 to 30 miles an hour there seems to 
be very little difficulty with common well oil in the 
senger car boxes. here the speed is higher than this, 
and especially where there are frequent trains, causin 
much dirt, something rather better seems to be Brearsss | 
and for this purpose the passenger car oil was devised. 
It is almost as good as the extra No. 1 lard oil, and when 
it was first used in many places took the place of extra No. 
1 lard oil. 

For cylinder lubricant the practice of the road is quite 
varied. In some places tallow alone is used. This prac- 
tice, however, is being abandoned, and it seems probable 
that within a year tallow alone will not be used any- 
where. At present its use is confined almost exclusively 
to places where facilities for mixing the lubricant do not 
exist. In all places where facilities for mixing do exist the 
standard lubricant for locomotives not fitted with sight- 
feed cups is two parts tallow and one part 500 fire-test oil. 
This lubricant is used in the intermittent way, in the old- 
fashioned tallow ie or through tallow pipes from the 
cab. In all cases where engines have been provided with 
sight-feed cups the standard cylinder lubricant is three 
parts 500° fire-test oil and one part extra lard oil. Also 
on stationary engines and on the marine equipment in 
steam cylinders 500° fire-test oil alone is used as cylinder 
lubricant. The experience of the road indicates that 
where tallow has been used as cylinder lubricant, it is un- 
wise to pass immediately from tallow to a lubricant con- 
taining a large percentage of petroleum products The 
reason for this is that the tallow contains free acid, as has 
already been described, which acts on the iron of the cyl- 
inders and valves, forming an iron soap which remains in 
all the crevices, The petroleum dissolves this, and if it is 
dissolved in large quantities at one time it causes the 
valves and pistons to stick and makes the friction very 
great. In passing from tallow to any cylinder lubricant 
containing large quantities of petroleum, the change 
should be made slowly. A mixture of two parts tallow 
and one part 500° fire-test oil should be used for a few 
months, and then perhaps the standard lubricant for sight- 
feed cups could be used with success. Many experiments 
have been made to see if the petroleum products alone 
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would not be satisfactory as locomotive cylinder lubricant, 
and while it is sa gpa that possibly as time progresses the 
amount of lard oil used in the standard locomotive cylin- 
der lubricant with sight-feed cups may be diminished, no 
experiments yet have been successful in which a 500° fire- 
test oil alone was used. ._The reason why extra tard oil is 
used in making cylinder lubricant is because it contains 
much less free acid than the extra No. 1 lard oil, and very 
great care is taken not to use extra No. 1 lard oil in 
making this lubricant. 

For the sake of completeness we may add that in the 
shops, on machine tools, an emulsion of sal soda, water, 
and oil is used, the idea being that the water serves to 
keep the cutting tool cool, while the oil serves to lubricate 
it. This emulsion is called **Soda Mixture for machine 
tools,’’ and is made by dissolving 5 Ibs. of sal soda in 40 
gallons of water and stirring thoroughly. When needed 
for use about half a pint of engine oi] is put in a suitable 
vessel and a gallon of the soda mixture added, and the two 
mixed thoroughly. This material works very nicely, and 
is used over and over again. Small tin cans fitted with 
faucets and tubes are used for teeding it to the tool ina 
rather free stream, and pans underneath the machines, 
which catch the chips, also catch the liquid, which may be 
used more than once. 

It will be observed that there are some 15 oils used for 
burning and lubrication, of which eight are obtained from 
the market and seven are mixtures made by the railroad 
companies for their own use ; four of the 15 are used for 
burning and 11 for lubrication. 

Notwithstanding the amount of work that has been put 
on lubricants and burning oils, and notwithstanding the 
standard practices which nave been described either above 
in this article or in the previous articles, the subject is not 
regarded as exhausted. Constant study is being put on 
possible modifications of the lubricants and burning oils 
which will result in greater efficiency and at the same time 
greater economy. With the increase of speeds and pres- 
sures, which is characteristic of modern progress in rail- 
roading, the lubrication problem is becoming more and 
more difficult, and it seems probable that modifications in 
the lubricants will be necessary as time progresses. Also 
with higher speeds the signal lamps used on engines will 

ive greater difficulty, and it is entirely possible that modi- 
fications in burning oils to meet this difficulty may be re- 
quired. 

In the next article of this series we will describe the 
method of purchasing oils in use, and also have something 
to say about hot-box and lubricating greases. 


(TO BE CONTINUED.) 
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Recent Patents. 


I.—METHOD OF FASTENING TIRES. 


Fics. 5, 6, and 7 show a method of fastening tires, for which 
Patent No. 415,745 was granted, under date of November 26, 
1889, to William Stroudley, of Brighton, England. It is de- 
scribed by the inventor as follows: “* This invention has for its 
object to dispense with or reduce the hammering of the tire, 
which has been usual according to the method of attachment, 
thus obviating the risk of fracture and enabling a much harder 
and more durable steel tire to be employed. To this enda 
ledge, shoulder, or check is formed on the outside of the inner 
or clip-ring, near its inner circumference. This inner or clip- 
ring is secured in position by means of a wedge or lewis-ring, 
which is either cut across and sprung in behind the inner or 
clip-ring or is inserted in two or more parts, filling the vacant 
space in the groove formed in the tire to receive the clip-ring. 

he wedge or lewis-ring is beveled or chamfered for a portion 
of its breadth at its inner side, and when in position is laid 
down by a hammer, by which its chamfered side is applied 
closely to the clip-ring, and its inner edge is made to surround 
the ledge, shoulder, or check formed on the clip-ring. The 
lewis-ring is thus prevented from leaving the groove, while at 
the same time it secures the clip-ring accurately in place with- 
out being made of the taper form within the groove, as hereto- 
fore. This construction gives an additional support or buttress 
should the tire break into short pieces, and prevents the edge 
of the clip-ring from leaving the rim of the wheel. Both rings 








may be made of mild steel, the lewis-ring being somewhat softer 
than the clip-ring, so that it may be laid down with a hammer 
into its place. This hammering will of itself stiffen and harden 
the ring. Thus the flange or clip of the tire itself will not re- 
quire to be struck with a hammer, as with the construction here- 
inbefore referred to, or if at all only very lightly. 

“* There are several ways of getting both the clip-ring and the 
lewis-ring into position. One way is to make across the ring a 
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‘STROUDLEY’S METHOD OF FASTENING TIRES. 





cut and to chamfer the ends at each side of the cut to admit of 
springing the ring into place. Another and a better way is to 
cut out of the ring a piece of sufficient length to allow the re- 
mainder to be sprung into place, the smaller piece being after- 
ward inserted to complete the ring in place. The ring may, 
however, be inserted into position in several pieces. 

“On the accompanying sheet of drawings, fig. 5 shows in 
section so much of one form of a wheel-body and tire as is 
needful to illustrate this invention. Fig. 6 is a simiJar view to 
fig. 5, showing the lewis-ring as it appears before it is hammered 
or laid down onto the clip-ring as it is shown in fig. 5. Fig. 7 
shows a section of the lewis-ring. 

‘In these 1 is the wheel rim or body; 2, the tire; 3, the 
clip-ring ; 4. the wedge or lewis-ring. 

** The clip-ring has on one side two annular lips or lugs 5 6, 
the one engaging with the rim or body and the other with the | 
tire. At its opposite side it has a ledge, shoulder, or check 7. 
The upper portion of the clip-ring lies within a groove in the 
tire and is held in place by. the wedge or lewis-ring 4, which is 
inserted into the groove behind. The wedge-ring in this ex- 
ample is of the shape shown in fig. 7, and when it is first put 
into place its beveled part occupies the position shown in fig. 6. 
It is then laid down into the position shown in fig. 5 and 
securely locks the wheel-body, the tire, and the ring 3 all 
together.” 

II, — VALVE-GEAR. 


Figs. 8, 9, 10 and 11 represent the form of valve-gear used on 
the locomotives built by the C. W. Hunt Company for their 















































HUNT’S LOCOMOTIVE VALVE GEAR, 


narrow-gauge roads, which were described in the November, 
1889, number of the JouRNAL, This valve-gear is the invention 
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of Mr. Hunt, and has been patented by him, and is described in 
his specifications as follows : 

**T make use of a connecting-rod in the form of a bent lever, 
the short arm of which gives a rocking motion through a link 
to a rocker pivoted upon a swinging radius-arm, and the valve 
receives its motion from a swinging link and block moving 
within a slotted sector. 

** The special feature of the improvement relates to the com- 
bination, with the parts before mentioned, of an eccentric pivot 
between the swinging link and the radius-arm, whereby the ra- 
dius-arm in its movement varies the position of the pivot of the 
swinging link sufficiently to produce the lap and lead required 
of the valve in the engine. 

** In the drawings, fig. 8 is an elevation of the devices made 
use of by me, and fig. 9 is a diagram illustrative of the motions 
given to the respective parts. Fig. 11 is a sectional plan view 
below the line x x, fig. 8 ; and fig. 10 shows the sector made in 
two parts and the radius-arm as double. 

** The engine-cylinder A, piston-rod 2, cross-head C, crank 
C’, crank-pin 3 and connecting-rod D are of ordinary construc- 
tion, and the connecting-rod D has a short arm J’ at right 
angles to the connecting-rod itself, so that such connecting-rod 
and short arm form a bent lever, and there is a radius-arm G, 
having a pivot or gudgeon 4, supported by an arm upon the 
frame of the engine, having an eye at the end, and at the mov- 
ing end of this radius-arm G is a rocker F in the form of a bent 
Jever, one end of which is united by a link Z directly to the 
cross-head C, and the other end is united by a link Z to the 
short arm JD’ of the connecting-rod ; hence in the movement of 
the parts the rocker / swings the radius-arm G upon its pivot 4, 
and the rocker ¥ is swung upon its pivot 5 at the end of the 
arm G, in consequence of the short arm D’ of the connecting- 
rod having a swinging movement as the crank-pin 3 describes a 
circle, and the end of the connecting-rod D rises and falls as it 
moves with such crank-pin ; hence the link 4, pivoted at 6 upon 
the radius-arm G, receives a swinging motion up and down by 
the link 8 between the rocker / and said link /, and in addition 
to the up-and-down swinging motion given to the link 4 the 
pivot 6 thereof describes an arc of a circle, and as the radius- 
arm G is moved it carries the pivot 6 toward and from the valve- 
chest 1/7, for giving to the valve the lap and lead required ac- 
cording to the direction in which the piston is moving. The 
valve-rod V is connected to the valve within the chest J/, and 
such valve may be of any desired character, and at the other end 
of such valve-rod JN is a sector O, pivoted at or near its center 
to such valve-rod J, and this valve-rod and sector can move 
back and forth in line with the valve-rod, the parts being sup- 
ported by a pin in a horizontal slot, or, preferably, hung by a 
Joose link X from the shaft Q, to which shaft a reversing-lever 
of any desired character is to be applied, and upon the end of 
the shaft Q is a crank-arm P and a link S to an arm upon the 
sector O. In this sector O is a slot or curved channel, the ra- 
dius of which is the same Jength as the swinging link 1, and in 
the slot of this sector is a block 10, to which the moving end of 
the swinging link H is pivoted. If now the parts stand in the 
position represented by the full lines in fig. 8, the valve receives 
its motion from the endwise movement given to the valve-rod 
XN by the block 10 being moved up and down in the curved slot 
of the diagonally-placed sector O by the swinging link 7, which 
link receives its motion as before described, and the proportion 
of the parts is such that the center of the block Io is in line 
with the connection between the sector O and the valve-rod V 
when the crank passes the dead-center, and as the crank rises 
the block 10 is moved downwardly, and by the curvature of the 
sector O the valve receives its end motion, and when the crank 
C’ passes the other dead-center the block 10 is moved upwardly 
to give the required motion to the valve in the other direction. 
In both instances the radius-arm G, as it swings, moves the 
pivot 6 of the link 4 toward and from the valve-chest, and 
thereby the proper movement is given to the valve in addition 
to the motion resulting from the block 10 moving in the sector 
O, so that the proper lap and lead to the valve is the result. 
When the shaft Q and crank-arm P are moved by the reversing- 
lever, the sector O is swung upon its connection to the valve- 
rod J, and it assumes the reverse diagonal position indicated 
by the dotted -lines, so that the engine will run in the other di- 
rection ; but if the reversing-shaft Q and crank-arm P are moved 
to an intermediate position the sector O is not moved by the 
swinging of the link H, because the arc of the sector O corre- 
sponds to the arc described by the link as a radius ; but the 
slight movement resulting from the pivot 6 being carried toward 
and from the valve-chest by the movement of the radius-arm G 
will by construction equal its lap and lead of the valve, but not 
be sufficient to admit steam even when the momentum of the 
locomotive may produce a continuance of the revolution of the 
crank C’ and the shaft with which it is connected, after the re- 
versing-gear has been moved to stop the engine.”’ 
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CHAPTER III.—(Continued.) 
ANGLES, 


AN angie is the amount of inclination of two lines to each 
other. Thus in fig. 40 the difference in the direction of the 
lines Z A Band A C forms the angle CA 2. This difference 
in their inclination is entirely independent of the length of the 
lines, and is measured on an arc of a circle drawn from the 
point A—called the vertex of the angle—where the two lines 
meet as a center. Thus suppose that any arc f dc is drawn 
from A. The portion 4c of this arc between the lines 4 B and 
A C would then be a measure of the angle CA ZB. If from 6 
a distance 6 f = ¢ 6 be laid off on ¢ 4 f, and another line, 
A D, be drawn through 4 and /so as to form an angle with 
C A, then 4 f would measure the angle C A D, and as 6 f = 
6 ¢ the angles B A C and C A D are equal, and the angle 
BA Distwice B A Cand CA D. If two angles are measured 
by arcs, the radii of the arcs must be of equal length. It is not 
important, however, what the length of the radii is, so that it is 
the same for both arcs. Thus the two angles might be meas- 
ured by the arcs ¢’ 4’ and 4 / as well as by ¢c band é/; but we 
could not ascertain the extent or degree of the inclination of the 
lines if we measured the one angle with an arc ¢ 6 with a radius 
c A, and the other with an arc 4 / with a drawn radius ¢ A, 
which is of a different length. | 

The standard or unit of measurement of angles is based upon 
the division of circles into 360 equal parts called degrees. In 
writing or printing these are indicated by a small circle, thus °, 
and 45 degrees is written 45°. Ic must be understood that all 
circles, without reference to their size, are supposed to have 
360°, and that the angles formed by lines radiating from the 
center of a circle of any radius will include an equal number of 
degrees on the circumference of a circle of any other radius 
drawn from the same center. Thus, in fig. 41, the circles a 4 
cde,a' bcd’ e, anda" 6" c’ ad’ e’, drawn from the same center, 
A, are each divided into 360 equal parts or degrees. If a line, 
A B, is drawn through the center, 4, and the Oor zero point, 
as it is called, of the divisions, and another line, 4 C, through 
A and 4, the 30th division, so that the two lines form an angle, 
C A B, with each other, they will include 30 of the divisions or 
degrees on each of the circles. The angle C 4 BZ is therefore 
said to be an angle of 30°. If we draw another line, 4 D, 
through the 6oth division so as to form an angle D A BZ with 
A B, then D A B will be an angle of 60°.* 

If the circumference of any circle is divided into 360 equal 
parts, it will serve as a protractor, or instrument for measuring 
angles. Usually such instruments are made of a metal plate or 
card in the form of a half circle, which is divided in the same 
proportion, or into 180°, as shown by fig. 9. 

PROBLEM 9 (fig. 40). Zo measure the number of degrees in an 
angle,as BA C, fig. 40. 

With a pair of compasses, take from fig. 41 a distance 4 ¢ = 
to the radius of the outside circle, which will serve as a pro- 
tractor, and with this distance as a radius, from the vertex 4, 
fig. 40, of the angle B A Cdescribe an arc dc. With a pair of 
dividers, take the distance from ¢ to 4, the points where the arc 
5c intersects the lines A Band AC, Then with the dividers 
carefully set one of its points on the o or zero point of the pro- 
tractor at ¢, fig. 41, and measure on the circumference ¢ 6 the 
number of degrees included between the points of the dividers, 
which will be the number in ¢ 4, of fig. 40, and will be the 
measure of the angle B A C. We might draw an are c’ & with 
A c’, the radius of the intermediate circle in fig. 41, and then 
measure On its circumference from ¢’ to 4 and use it as the pro- 
tractor, to get the number of degrees of the angle CA B, fig. 
40; or we might take 4 c*, or the radius of the outer circle 
of the protractor, fig. 9, for the same purpose. 

PROBLEM 10 (fig. 42). Zo /ay off an angle of any number of 
degrees from a given line and vertex. 

lf A B is the given line, with a radius such as 4 ¢, fig 41, of 
any protractor, from the vertex 4, fig. 40, of the proposed 
angle as a center, describe an arcc 4 f. Then from the circum- 


* An angle of go®, as¢ A a, figs. 40 and 41, is called a right angle, and is 
formed when one straight line, as @ A, is drawn perpendicular to or square with 
another line, ase A B. An acute angle is one having less than go°,as BA C 
or BA D. An obtuse angie is one of more than go°,as ¢ A Dore AC, An 
oblique angie is any angle not a right angle. 
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ference of the outside circle, in fig. 41, with a pair of dividers 
measure the proposed number of degrees from o—in this case 
30°—and set them off from ¢ to 46 onc 4 f, fig. 40. Through A 
and 4 draw the line 4 C. BA C will then be an angle of 30°, 
In the same way JB A JD, an angle of 60°, may be laid off. 

If it is required to lay off an obtuse angle, as ¢ A D, fig. 40, 
it is usually best to draw a perpendicular, as a A, through the 
vertex 4, which will form a right angle ¢ A a withe 4 6, Then 








angle, draw an arc g A. Then, with a pair of compasses, take 
from fig. 42 the distance ¢ das a radius, and from g, fig. 43, as 


Fig. 42. 


2c 











e€ A : 
Fig. 40. 


deduct 90 from the proposed number of degrees, and from the 
vertex A with the radius of a protractor draw an arc a /, and 
from the perpendicular a 4 lay off on the arc a / the difference 
between the number of degrees of the proposed angle and go’, 
and draw A D through the vertex 4 and / ; ¢ A D will then be 
the required angle. 

PROBLEM 11 (fig. 43). Zo construct on a given line, D E, 
an angle equal to another angle, B A C, fig. 42. 














GS 
D 
Fig. 43. 
a center describe an arc I 2 intersecting 4 gat. Then draw 
D F through 4, and the angle ¥ D F will be equal to B A C. 

PROBLEM 12 (fig. 44). Zo bisect* or divide a given angle, 
BA C, into two equal parts, 

First Method.—From the vertex A of 
the angle with any radius draw an arc 
DE, cutting the lines B A and C A 
at £ and D. From D and Z, as cen- 
ters, with any radius, draw arcs 1 I and 
2 2 intersecting each otherat /. Through 
A and F draw the line 4 /, which will 
bisect the angle B A C, 

Second Method.—With a pair of dividers 
subdivide the are D £ into two equal 
parts, and through G, the point of di- 
vision, and the vertex A draw the line 
A G, and it wil) divide the angle CA B 
into the angles CA Gand GA SB, which 
will be equal. 

PROBLEM 13 (fig. 45). Zo bisect the 
angle between two straight lines, A B and 
C D, the vertex of which is inaccessi- 
ble. 

If A Band C D be the two lines, draw 





Fig. 41. 


First Method.—Measute the angle B A C and then lay off 
another equal to it, as described in Problem 10. 

Second Methed.—From the vertex A, fig. 42, with any radius 
A ¢ describe an arc ¢d intersecting A Band AC. With the 
same radius, and from D, fig. 43, the vertex of the proposed 








two lines f Z and g £ parallel to 4 B 
and C D, so that the distance a 4 and 
a’ & between the parallel lines will be 
equal, and that / Z and g Z will intersect 
at Z. By the preceding problem bisect 
the angle f Z g by the line 4 Z, which 
will also bisect the angle between the 
lines A BandC D. 

PROBLEM 14 (fig. 46). Zo ¢risect} a 
right angle. 

First Method.—lf D A E is a right 
angle it may be divided into three equal 
parts by drawing an arc, DF G Z, from 
the vertex 4 as a center with any radius, 
and then dividing this arc with a pair of 
dividers into three equal parts, and draw- 
ing lines A F and A G through the points 
of division. The angles D A F, FA G, 
and G A £ will then all be equal. 

Second Method.— Draw the arc DF GE 
as before. Then with the-same radius, 
and from Z as a center, draw the arc 1 I 
intersecting D F G£ at F, and from D as acenter draw 2 2. 
Through the points of intersection / and G draw lines A F and 


* To dSisect means to divide into two equal parts. 
t To ¢risect means to divide into three equal parts. 
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A G, and they will divide the angle D A Z into three equal 
parts. 
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Fig. 46. / 














Fig. 46a. 


PROBLEM 15 (fig. 46). 
of equal parts, 

Let D A B, fig. 46 a, be an angle to be divided into, say, five 
equal parts. From the vertex 4, as a center, and with any 


To divide any angle into any number 








radius draw an arc adcde/f. With a pair of dividers, by re- 
peated trial, divide this arc into the required number of equal 
parts—in this case five—and through the points of division, 
bcde, draw the lines 4 Z, A F, A Gand AH, These lines 
will then enclose equal angles. 


TRIANGLES.* 


PROBLEM 16 (fig. 50). Having the length of the three sides to 
construct a triangle. 

Let the length of these sides be 23", 4° and 54°. Lay down 
one of these sides, A B, fig. 50, preferably the longest. Then, 
with the compasses, take the length of one of the other sides, 
and from JS, the extremity of 4 JZ, describe an are 1 I, and 
with the length of the third side and 4 as a center draw another 


Ac/ 1 








A 5g" B 


arc 2 2, intersecting the first one at C. Draw lines A C and 
B&B C through 4 and C and #4 and C, which will complete the 
triangle. 

PROBLEM 17 (fig. 51). Having the length of two sides and the 
included ¢ angle of a triangle, to construct the triangle. 

Supposing that the one side is 5 in. and the other 3 in. long, 
and the angle between them is 35°, Draw 4 B, fig. 51, equal 
to 5 in, Then, with a protractor, from 4 lay off an angle 
D A B = 35°, and draw 4 PD of indefinite length. From 4 


Fig. 51. 








co 


. 


make A C = 3 in., and draw C £Z, which will complete the 
triangle. 
PROBLEM I8 (fig. 52). 
certain the third angle. 
First Method.—\f the two angles are given in degrees, add 
them together and deduct the sum from 180°; the remainder 
will be the third angle. 


Having two angles of a triangle, to as- 


* A plane triangle (the only kind which will be considered here) is a figure 
bounded er enclosed by three straight lines, and which has three angles, as 
A BC, figs 47, 48 and g. If one of the angles, A C B, fig. 47, is a right 
angle, the figure is called a right-angled triangle. The longest side, A B, 
which is opposite the right angle, is called the Ayfotheneuse ; the lower side, 
A C,the dase ; and the other side, B C, the perpendicular. 

If all the sides of a triangle are of equal length, as in fig. 48, it is called an 
equilateral triangle. 

Two triangles or other figures are said to be similar to each other when 
they are of the same shape and have the same proportions, as shown by figs. 
48 and 49, which represent similar triangles. 








B 
B 
: b 
< a 
Py > 
a> 5 
a a 
f 
P BASE c A ¢ a 
Fig. 47. Fig. 48. Fig. 49. 


By the area of a figure we mean the amount of surface included within its 
outside lines. Thus a field is said to contain so many acres, or it has an area 
of so many acres, or a board has so many square feet of areca. 

Triangles and other figures are said to be egua/ when they have the same 
area—that is, when they contain precisely the same space. figure may be 
equal to another without being similar in shape ; thus a triangle and a square 
may ae the same area and therefore be egua/, although they are not of the 
same shape. 

If the angles of any triangle are added together their sum will always be 
equal to two right angles. ss 

+ By the include ¢ angle is meant the angle contained between the two sides, 
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Second Method.—\t from a line A &, fig. 52, a perpendicular 
C D is drawn, then the two angles C D & and CDA will 

. both be right angles, and therefore equa] to the sum of the 
angles of a triangle. lf the angles which are given are 40° and 
80°, lay off from D as a vertex an angle 8 D Z = 40° and EDF 
= 80°; then F D A will = the third angle of the triangle. 
















C 












D 
Fig. 52. 


PROBLEM Io (fig. 53). Having one side and two angles of a 
triangle, to construct the triangle. 

Let A ZB be the side 6 in. long. The two angles may both 
be adjacent to 4 B, as CA Band C 24, or one of them may 
be adjacent and the other, A C 2, may be opposite to the side 
which is given. In the latter case ascertain the third angle by 
the preceding problem. We will then have two angles and 
their included side. 

Draw a straight line, 4 Z, fig. 53, equal to the length of the 
















Fig. 53. 
given side = 6in. From the extremities 4 and B lay off the 
angles D A Band £ B A adjacent to A ZB, and extend A D 
and 8 £ until they intersect at C; then A C B will be the 
triangle required. 

PROBLEM 20 (fig. 54). Having the length of two sides of a 
triangle, and an angle opposite to one of them, to construct the 
triangle. 

Supposing that the lengths of the two sides are 4}" and 3}" 
respectively, and that the angle opposite the shorter side is 30°. 
Draw an indefinite line A 2, and from its extremity 4, as a 
vertex, lay off an angle B A C = 30°, the given angle, and ex- 
tend AC. From 4 lay off a distance 4 2 = to the longer side, 
or 4}. From # as a center, with the length of the shorter side 
as a radius, describe an arc I 1 to intersect A C, and draw 
B C; then will A BC be the required triangle. 






















Fig. 54. 





PROBLEM 21 (fig. 55). Zo construct an equilateral triangle, 
the vertical height being given. 

First Method.— Let A B be the vertical height. Through 4 
and B draw the indefinite lines C D and G H perpendicular to 
4 8. From A asa center with any radius draw the semicircle 














aécd,and from aand d as centers and the same radius de- 


scribe arcs I 1 and 2 2 intersecting 2 6 ¢ dat 4 and ¢. 


From 4 


draw lines A Z and A F, through 4 and ¢ and intersecting G 1 
at Zand fF, Then A £ F will be the required triangle. 


ot 


A 





G 











B 
Fig. 55. 


Second Method,—I\n an equilateral triangle the angles are all 


equal, and consequently each of them is 60°. 
are each equal to one-half of B A F, or 30°. 


ZEA BandFAB 
The lines 4 Z 


and 4A F may therefore be most conveniently drawn through A 
with a 30° triangle without laying off the circle a dc d. 


SQUARES AND OTHER POLYGONS.* 


PROBLEM 22 (fig. 64). 
to construct the square. 
First Method.—Let A 


E 


Fig. 64. De 


Having the length of a side of a square, 


B be the 


side of a square = 4 in. 
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*A Zolygon is a plane figure bounded by straight lines. 


polygon of three sides ; one with four sides, figs. 56 and f; 
rilateral ; one of five sides, fig. 58, a pentagon ; one o' 


A triangle is a 
is called a guad- 


six sides, fig. 59, a 


hexagon ; one of seven sides, fig. 60, a Aepfagon ; one of eight sides, fig. 6, 




















Fig. 56. Fig. 57. Fig. 58. Fig. 59. 
SQUARE QUADRILATERAL PENTAGON HEXAGON 
DECAGON DODECAGON 
Fig. 62. Fig. 63. 


Fig. 60. Fig. 61. 


L(G) 


HEPTAGON 


an octagon; one of 10 sides, fig. 62, a decagon,; one of 12 sides, fig. 63, a 


dodecagon. 


A square, fig. 56, is a four-sided quadrilateral whose sides are all equal, and 


its angles are all right angles. 


A rectangle, fig. 51, is a four-sided figure whose angles are all right angles. 
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From one extremity, 4, of A B, erect a perpendicular A Z to 
A B, by the sixth or seventh methods described in Problem 8. 
From A lay off on A Z a distance 4d D = AB. From B 
and D as centers, and A B as a radius, describe arcs 1 I and 
2 2, intersecting each other at C. Then draw D C and JC, 
and A B CD will be the required square. 

Second Method.—With R, fig. 65, = one-half the length of 
the side of the square, as a radius, and O asa center, describe 
a circle a 4 ¢ d, fig. 65. Draw two parallel lines, 4 B and D C, 


D 








Fig. 65. 








“ 





ml e---------------- 8, 


A 4” B 
tangent to the circle and of indefinite length. Then, witha 
triangle, draw A D and B C perpendicular to 4 B and D C and 
tangent to the circle. The lines 4 2, BC, CD, and 2 Z will 
then enclose the required square. 

PROBLEM 23 (fig. 66). Having the diagonal* A C of a square, 
to draw the square. 

Bisect A C at O. Erect a perpendicular to 4 C which will 
passthrough O. Then with OA = one-half of 4 Cas a radius, 
and O as a center, describe arcs I 1, 2 2, 3 3 and 4 4, intersect- 


1 
iD 








Fig. 66. 


ing A Cand BD at A BC and JD. Connect these points of 
intersection by the lines A B, B C, C D and D A, and they 
will enclose 4 BC D, the required square. 

PROBLEM 24 (fig. 67). Zo construct a rectangle whose sides 
are of a given length. 

Supposing the sides to be respectively 5" and 3" long. Draw 
the line A B, fig. 67, = 5°". From A erect a perpendicular 
A E of indefinite Jength, and lay off on it a distance 4 D = 3°. 
Then with D as a center and a radius = A B = 5° describe an 
arc 2 2, and with B asa center and a radius = 4 D = 3° de- 
scribe the arc 1 1 intersecting 2 2 atC. Draw BC and CD, 
and A B D C will be the required rectangle. 








* A diagonal is a straight line from one angle to another, not adjacent, of a 
figure of four or more sides, and dividing it into two parts. A C, fig. 66, is 
the diagonal of the square A BC D.3j 











m* whose 
angles are not right angles, of which the sides and one of the angles 
are given. . 

Let two of the opposite sides = 4 J, fig. 68, = 4}° and the 


ProBLEM 25 (fig. 68). Zo construct a paralle 


other two sides = 3°, and two of the angles = 55°. Draw dA B 
= 4}. From A, by the method described in Problem 11, lay 
off an angle D A B = 55°, and draw A £ of indefinite length. 
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Fig. 68. 


Then lay off from 4 a distance 4d D= 3". From Dasa cen- 
ter, and a radius = A B = 434’, draw the arc 2 2, and from B as 
a center and a radius = A D = 3’ draw the arc I I, intersecting 
22atC. Draw BC and DC, and then A BC D will be the 
required parallelogram. 

PROBLEM 26 (fig. 69). Zo construct a parallelogram whose 
angles are not right angles, of which the diagonal and its stdes are 
given. 

If the sides are respectively 44° and 3° Jong and the diagonal 
64)", lay off one of the sides 4 B = 4}°. With A asa center 
and the length of the diagonal draw an arcr1. With Basa 
center and a radius = the length of the shorter sides draw 


i 


2\ 


~ 











434" 
Fig. 69. 


2 2, intersecting 11 at C. From C as a center with the length 
of the long side as a radius describe the arc 3 3, and from 4 
as a center with the length of the shorter side = 3° as a radius 
describe the arc 4 4, intersecting 3 3 at D. Drawthe lines BC, 
CD, D A, and A C; A BC D will then be the required paral- 
lelogram and A C the diagonal. 

PROBLEM 27 (fig. 70). TZodrawa four-sided figure, none o 
whose sides are parallel, the length of its sides and one of t 
angles being given. 


* A parallelogram is a four-sided figure whose opposite sides are parallel. 
68, is a parallelogram. 


A BCD, fig. 
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If the sides are 53°, 2}°, 3}', and 3° long, and the angle con- 
tained between the first and second sides is 70°; thendraw A B 
= 54". From 4 lay off an angle 2 A D = 70° and draw AE 
of indefinite length. Make 4 D = 2}', and from D as a center 


NC -g 








536" 
Fig. 70. 


with a radius = the third side = 3}" draw an arc 1 1, and 
from # with an arc = the fourth side = 3° describe an arc 
2 2, cutting rr at.C. Then draw 2 Cand DC,and ABDC 
will be the required figure. 

PROBLEM 28 (fig. 71). Zo inscribe* a regular} pentagon or 
other regular figure inside of a circle. 

If A BCD E, fig. 71, represents the circle, divide its circum- 
ference into five equal parts or as many parts as the figure has 
sides. Then unite the adjacent points of division, A B CD £, 
by lines A B, B C,CD,D E,and EA. ThenABCDE 
will be the required figure. 

If it was required to inscribe a decagon in the circle, its cir- 





cumference should then be divided into to equal divisions, 
A, a, B, db, etc., and lines A a, a B, B 3d, etc., would be drawn, 
and they would enclose the required figure. 

PROBLEM 29 (fig. 72). Zo circumscribe}a circle witha pen- 
tagon or any other regular figure. 

If the light line in fig. 72 represents the circle, divide it into 
five equal parts and connect the adjacent division by lines a 4, 
é¢, etc., as in fig. 71. Then draw other lines, 4 B, BC, etc., 
parallel to these and tangent to the circle. The lines tangent 
to the circle will enclose a pentagon 4 B C D E which will be 
circumscribed on the circle. The same method would be used 
for figures of more or Jess than five sides. 

The most convenient way to circumscribe a circle with a hex- 
agon, as shown in fig. 73, is to draw the upper and lower sides 
with the T square, and the other sides with a 30° triangle. B 
C and F Z can be drawn with the triangle in the position 
shown at 4, in fig. 21, and 2 4 and D Z with it in the position 
shown by the dotted lines D in the same figure. If two of the 
sides. of the hexagon are vertical, they may be drawn by the 
edge 4 c of the triangle in the position shown at JB, fig. 21, and 
two of the other sides along the edge 4 ¢. The remaining sides 
of the hexagon can then be drawn by reversing the triangle. 
This way of drawing hexagons has a frequent practical applica- 
tion in representing six-sided nuts. 


*To inscribe means to draw within. Thus in fig. 71 the pentagon 
A BCDE is inscribed within the dotted circle outside of it. 
mT regular pentagon or regular figure is one whose sides are of equal 


h. 
t'Te circumscribe means to draw around, 





Octagons, fig. 74, may also be drawn in a similar way by using 
the T-square and 45° triangle, as shown at C, fig. 21; the edge 
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Fig. 75. 
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a 6 serving to draw the perpendicular and a ¢ for the diagonal 
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PROBLEM 30 (fig. 75). 
given square, 

First Method.—If A B C D is the given square, draw the 
diagonals A C and B D intersecting one another at £. From 
£ as acenter and with a radius £ F, draw a circle FG HJ 
inside of A B C Dand touching the four sides of the square. 
Then with a 45° triangle draw the sides a 4, ¢ d,e f, andgh 
tangent to the circle > G HJ; a bcdefghwill be the com- 
pleted octagon. 

Second Method.—Draw the diagonals A Cand B D as before. 
Then with a radius = A £, and each of the corners 4, B, C 
and D of the square as centers describe arcs a ,¢ d,ef, and gh, 
intersecting the sides of the square. Join the points of intersec- 
tion by lines a 4, ¢ d, etg., and abcde f g h will be the octagon. 

(TO BE CONTINUED.) 


> 
_ 


The Merchants’ Bridge at St. Louis. 


To inscribe a regular octagon in a 








THis new bridge over the Mississippi, at St. Louis, just com- 
pleted, consists of three main spans, respectively, 521.5, 523.5 
and 521.5 ft., six approach spans of 125 ft. each, four braced 
piers of 25 ft. each and two pier spaces of 3 ft. each, making 
the total length 2,422.5 ft. The clearance above the St. Louis 
directrix is 54 ft. 3 in. 

The contract for the main bridge and 425 ft. of the steel ap- 
proaches on each end was let to the Union Bridge Company of 
New York. 

The contract for the double-track elevated structure of the 
Terminal Railroad, on the St. Louis side, has been let to the 
Phoenix Bridge Company. The terminal tracks have been laid 
from the Water Works to Biddle Street, and it is expected that 
the elevated structure will be completed and all tracks laid and 
connections made with the St. Louis & San Francisco Railroad 
and the Union Depot tracks by May 1. 

The general plan of the bridge and its approaches and most 
of the details that were recommended by the engineers, Messrs. 
George S. Morison and E. L. CorthelJ, have been followed in 
the actual construction of the work. Examinations made of the 
rock during the building of the piers, when all material overly- 
ing it had been removed, showed that in every case the piers 
rested on firm hard limestone rock. The rock, in every case, 
was leveled off, or stepped, for the iron cutting edge, and thor- 
oughly cleaned of all loose shale, clay, sand, etc., and at least 
two holes were drilled five feet into it, to determine its charac- 
ter. The caissons were then solidly packed with concrete. 

Limestone from Bedford, Ind., was used to within 3 ft. of 
the low water-line ; above this level to the high water-line Mis- 
souri granite was used, and above this again Bedford limestone. 
The dimension stone was laid in Portland cement mortar, and 
the backing in Louisville cement. 

In order to make a less abrupt break in the grade between the 
level grade of the bridge and that of the approaches, the two 
river piers were raised so that the clear height in the center of 
the central span is 52 ft. above high water instead of 50 ft., as 
required by the act of Congress, and the height at the end of 
the shore spans is about 4 in. below this height. This gives a 
much better bridge for navigation than the law contemplated. 

On the west end of the bridge the approach crosses Ferry 
Street twice. The crossing nearest the bridge is made by a 
viaduct resting on cylinder piers, the crossing furthest from the 
bridge is a deck-span 125 ft. Jong resting on masonry piers. 
There is one other street overhead crossing, which is made by 
masonry abutments and steel girders. The intermediate space 
between the structures are either solid earthwork or a substan- 
tial timber trestle. 

On the east end of the bridge, between the 425-ft. length of 
permanent structure and the overhead crossing at the Chicago 
& Alton, Bee Line and Wabash Railroads, and east of this last- 
named structure to the earth embankment, the intermediate 
spaces are filled with a wooden trestle.. The bridge at the 
crossing of these three railroads is made by two masonry 
abutments on which rest a 175-ft. span and a 40-ft. steel girder. 
The entire bridge and approaches is built for double track. 

The style of the three spans of the main bridge is a double 
intersection pin-connected truss with horizontal bottom chord 
and a curved top chord. The entire structure is of steel, except 
pedestals and ornamental parts, which are of cast iron, and nuts, 
swivels and clevises, which are of wrought iron: 

The steel was required to stand an ultimate tensile strain in 
the sample bar of from 63.000 to 70,000 Ibs. per square inch, 
with an elastic limit of not less than 38,000 lbs. Finished bars, 
selected by the engineer, were subjected to a breaking test, the 
requirements being an elongation of 10 per cent. before break- 
ing. The structures are so proportioned that under all possible 
conditions the material cannot be subjected to injurious strains. 





% Connections with the various railroads are made on the St. 
Louis side of the river by the Terminal Railroad, and on the 
east side by the Venice & Carondelet Belt Railroad. 
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Manufactures. 


Locomotives. 








THE Schenectady Locomotive Works are to build 40 switch- 
ing engines for the New York Central & Hudson River Rail- 
road. They have also received an order from the East Ten- 
nessee, Virginia & Georgia Railroad, which includes two com- 
pound locomotives, one for freight and one for passenger ser- 
vice. 


At their works in Pittsburgh, H. K. Porter & Company have 
lately built two very small locomotives for manufacturing estab- 
lishments they are of 2 ft. gauge, with cylinders 6 X 12 in. and 
our driving-wheels 23 in. in diameter. 


THE Manchester Locomotive Works, Manchester, N. H., are 
building 20 locomotives of different classes for the Boston & 
Maine Railroad. 


Amonc other orders the Baldwin Locomotive Works, Phila- 
delphia, have received one for seven ten-wheel engines with 20 
X 24-in. cylinders for the New York, Pennsylvania & Ohio 
Railroad, and eight shifting engines for the Merchants’ Bridge, 
St. Louis. . 


THE Pittsburgh Locomotive Works have recently completed 
five engines for the Vandalia Line, and are building a number 
for the Baltimore & Ohio Railroad. 


THE Richmond Locomotive & Machine Works, Richmond, 
Va., have recently been enlarged by the addition of a boiler 
shop 185 X 92 ft. in size, and a machine shop 100 X 106 ft., 
containing a number of new tools. Work on hand includes 
locomotives for the Atlantic & Danville, the Richmond & Dan- 
ville and the Chesapeake & Ohio. 


THE Brooks Locomotive Works, Dunkirk, N. Y., are now 
very busy and are turning out four or five enginesa week. Among 
recent deliveries are five passenger engines with 18 X 24-in. 
cylinders and two six-wheel switching engines with 18 X 24-in. 
cylinders for the Baltimore & Ohio Southwestern ; 10 passenger 
engines with 18 X 24-in. cylinders for the Chicago & Grand 
Trunk ; 10 mogul freight engines, with 18 X 24-in. cylinders, 
for the New York, Chicago & St. Louis. Orders now on hand 
include 10 heavy 10-wheel passenger engines, with 18} X 24-in. 
cylinders, for the Cleveland, Cincinnati, Chicago & St. Louis ; 
10 passenger engines of the 10-wheel type, with 18 X 24-in. 
cylinders, for the Wisconsin Central ; 25 freight engines of the 
10-wheel pattern, with 17 X 24-in. cylinders, for the Lake Shore 
& Michigan Southern ; 25 mogul freight engines, with 19 X 26- 
in. cylinders, for the New York Central & Hudson River, and 
15 six-wheel switching engines, with 18 X 24-in. cylinders, for - 
the Illinois Central Railroad. 


THE Baldwin Locomotive Works has delivered the first of 
an order of 40 locomotives to the Central Railroad of Georgia. 
Of these six will be passenger engines with 17 X 24 in. cylin- 
ders, 30 freight engines with 19 X 24 in. cylinders and four six- 
wheel shifting engines with 18 < 22 in. cylinders, 
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Cars. 





Tue Denver & Rio Grande Company has fitted up its pas- 
senger cars with the new Scarritt seat, furnished by the Scarritt 
Works in St. Louis. 


Tue Van Dorston Cushioned Car Coupling Company has 
equipped a number of new cars for the Philadelphia & Reading 
Railroad with the Van Dorston cushioned coupler. 


Tue Atlanta & West Point shops, Atlanta, Ga., have recent- 
ly turned out two very handsome passenger cars. The finish 
is complete, and their fine appearance is claimed to be largely 
due to the use of the Valentine varnishes. 


Tue Scarritt Furniture Company, St. Louis, has recently 
added a new five-story building to its works, making them 
probably the largest car-seat factory in operation. A number 
of Scarritt reclining chairs have recently been ordered by the 
Kansas City, Fort Scott & Memphis Railroad. 


Tue Lake Shore & Michigan Southern has received nearly all 
the 3,300 freight cars, the contracts for which were placed at 
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intervals last fall. The new equipment consists of 1,000 drop- 
bottom gondola, 1,500 box, 250 hay, and 500 platform cars. 
The orders for these cars were placed as follows: Wells & 
French Company, 1,200; Peninsular Car Company, 1,000; 
Buffalo Car Manufacturing Company, 100; Indianapolis Car 
Manufacturing Company, 200; Lafayette Car Works, 400; 
Barney & Smith Manufacturing Company, 400. In addition to 
the freight cars the Barney & Smith Manufacturing Company 
is finishing an order of 10 passenger, I dining and 5 baggage cars 
for the road. 
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Leed’s Cylinder-Boring and Facing Machine. 








THE accompanying illustration shows a machine intended to 


_ bore and face locomotive cylinders rapidly and accurately. The 


bed, housings, and platen are very heavy, and an 8-in. bar is 
used driven by powerful gears 4} in. and 5-in. face, back- 
geared 36 to 1 and driven by a 5-in. belt on cones, the largest 
of which is 30 in. in diameter and the smallest 18 in. in diam- 
eter, with five changes. The feed is made changeable by plav- 
ing change gears similar to lathes for cutting screws. The dis- 
tance between the bearings for bar to revolve in is 4 ft. 6 in., 
but can be made to meet any requirements. 

The table or platen is 36 in. long, with suitable T-slots for 
securing the work. From top of platen to center of bar is 174 
in. At the end of the machine, forming a part of the cone- 
shaft support, is a sheave to take the weight of the bar when it 
is drawn out to place the cylinder on the platen. The table or 
platen has a sufficient amount of adjustment and is operated by 
a screw 2} in. in diameter, by a crank from either front or rear 
end of the machine. When desired four adjustable saddles to 
receive the cylinders, which have movable parts operated by 





LEED’S CYLINDER-BORING AND FACING MACHINE. 


_In their yards at Bay City, Mich., Wheeler & Company are 
building a car ferry-boat for the Canadian Pacific Company, to 
run between Detroit and Windsor. The boat is of steel, 295 ft. 
long, 41 ft. beam, 17 ft. deep and will draw 11 ft. gin. witha 
deck-load of 640 tons. She is a side-wheeler, with a separate 
engine to each wheel, the engines having cylinders 50 in. in 
diameter and 114 in. stroke ; the wheels are 28 ft. in diameter. 
There are four boilers, each 13 ft. 3 in. in diameter and 14 ft. 
long ; the working pressure will be 85 Ibs. 


THE new steel steamboat Plymouth for the Old Colony 
Steamboat Company was launched at the Roach Yard at Ches- 
ter, Pa., April 3. .The Plymouth is 366 ft. over all, 350 ft. 
molded length, 50 ft. beam, 85 ft. over guards and 19 ft. depth 
of hold. She will ply between New York and Fall River, and, 
like the Puritan and Pilgrim of the same fleet, is constructed on 
the double-hull bracket plate and longitudinal system, giving 
her seven water-tight bulkheads and 50 water-tight compart- 
ments. Instead of a compound beam-engine like the Pilgrim, 
the Plymouth will have four-cylinder triple-expansion engines 
connected directly to the main shaft. 


THE Minnesota Mining Company has been organized at Du- 
luth Minn., with $600,000 capita Ito develop a tract of iron land 
about four miles from Vermilion Lake and near the line of the 
Duluth & Iron Range Railroad. The tract includes 960 acres, 
and is known to be very rich in iron ore. 


THE Globe Iron Works in Cleveland, O., has completed four 
steel steamers for the Minnesota Steamship Company ; they 
are intended to carry iron ore from Lake Superior, and have a 
capacity of 2,800 tons. Each of these ships is 311 ft. long over 
all, 40 ft. beam and 24 ft. 6 in. deep. The engines are triple- 
expansion, with cylinders 24 in., 38 in. and 61 in. in diameter 








screws and wrench to facilitate placing cylinders in position for ; and 42 in. stroke. There are two boilers of the Scotch type 14 


boring, are furnished. When once set the machine is all right 
for other cylinders of same size. 

At the Louisville shops of the Louisville & Nashville Rail- 
road, this machine has been in practical operation for some 
time, boring 20-in. cylinders, 33} in. long, counter-bore 2§ in. 
long, finishing them complete, with tlanges faced and turned, 
in less than seven hours each ; this is very rapid work when the 
composition of the metal for cylinders is considered. They are 
made of 2,600 lbs. of old car-wheels, chill and all, tempered 
with 800 Ibs. of No. 1 charcoal iron, making a very hard, close 
mixture ; with the ordinary iron that is often used, the time can 
be reduced very materially. They do not use facing arms, but 
place a side tool in the regular cutter-head and face off with that, 
doing satisfactory work. 

This machine was designed by Mr. P. Leeds, of the Louisville 
& Nashville Railroad, and is made by Pedrick & Ayer, of Phila- 
delphia. 
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Marine Engineering. 





Tue New York, Lake Erie & Western Railroad Company 
has let a contract to Neafie & Levy, of Philadelphia, for a new 
ferry-boat to run between New York and Jersey City. The 
boat will be 230 ft. long, 38 ft. beam, 62 ft. wide over the 
guards, and 16 ft. depth of hold. It will bea double-screw boat 
with a propeller at éach end, much on the plan of the Bergen of 
the Hoboken ferry. The engines will be of the compound 


type. . 





ft. diameter and 12 ft. 6 in. long, each having three furnaces. 
The working pressure is 1€0 lbs. The propeller is 14 ft. di- 
ameter and 17 ft. pitch. 
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Manufacturing Notes. 


THE firm of Riehle Brothers in Philadelphia having been dis- 
solved by the death of the senior partner, Mr. Henry B. Riehle, 
the business will be continued under the old name by Mr. 
Frederick A. Riehle. 


IN accordance with instructions, the R. W. Hunt & Company 
Inspection Bureau recently inspected 10,000 car wheels made 
by A. Whitney & Sons for the Savannah, Florida & Western 
Railroad. For size each wheel was measured around the 
tread by a brass tape divided into spaces of 4 in. each. The 
record shows that 4.325 wheels were of exactly the same cir- 
cumference ; 4,365 were but % in. less; 881 were but 4 in. 
over, while 429 were varied over 4 in. either way. That is, the 
extreme variation in 8,690 of these wheels was ¢, in. in diameter, 
and in 881 it was only 4, in. For roundness the wheels were 
tested by a true ring resting on the cone of the wheel, and none 
was found with a variation of more than 4, in, at any point. 
For strength, 105 of the wheels were broken under the drop 
test by a weight of 140 lbs. falling 12 ft. The specifications re- 
quired that they should stand five blows. Two wheels broke 
at 9 blows, while 50 required from 50to 118 each. To start the 
first crack the average number of blows was 13.26; to break 
the wheel in two the average number of blows was 49.56. The 
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average depth of the chill at the root of the flange in the 105 
wheels broken was 4 in., and the depth did not vary in any 


case more than ¢ in. around the wheels. None of the wheels 
inspected were rejected because of chill-cracks, blow-holes or 
other imperfections, and none needed to be ground nor in any 
other way made smooth or true. 


Tue Pacific Rolling Mills, San Francisco, are adding to their 
works a bloomary for making steel blooms and a mill for roll- 
ing beams of large size. Heretofore there has been no mill of 
this kind on the Pacific Coast. The improvements will cost 
about $750,000 in all. The new machinery wi!l include an en- 
gine of 1,000 H.P., which is to be built by the Risdon Iron & 
Locomotive Works in San Francisco. 


THE works of the Simonds Rolling Machine Company at 
Fitchburg, Mass., are being enlarged. The company has 12 
new machines of large size under construction, one of which is 
to be used for making steel projectiles for the Government. 
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Bridges. 





THE Union Bridge Company has just finished a through 
bridge of 147 ft. 6-in span for the Clyde Viaduct in Chicago. 
The span has heavy, stiff lower chords with a heavy corrugated 
floor made of ob’ique Z-bars and plates. Mr. E. L. Corthell is 
the engineer. 


Tue Philadelphia & Reading Railroad has considerable heavy 
bridge work under way. First in importance is the Harris- 
burg Terminal for the new extension beyond Harrisburg. This 
comprises the Susquehanna River Bridge of 23 spans, 153 ft. 
6 in. each, with 580 ft. of approach viaduct ; the crossing over 
the Pennsylvania Railroad, one span of 160 ft. and a bridge 
across the canal of 60 ft. span. A new bridge is to be built at 
Port Clinton across the Schuylkill of three-spans, one 200 ft., 
one 180 ft. and one Ioo ft. There will be a bridge six miles 
above Port Clinton, crossing the Little Schuylkill River, of one 
200-ft. span. Also a bridge of 98-ft. span at Williamsport. On 
opening the bids for the Susquehanna River Bridge it was 
found that Cofrode & Saylor, proprietors of the Philadelphia 
Bridge Works at Pottstown, Pa., had secured the main bridge, 
and the Phoenix Bridge Company the approach. The last- 
named company, however, threw up the contract, and it was 
also awarded to Cofrode & Saylor. The contracts forthe other 
bridges mentioned were let to the Phoenix Bridge Company. 


THE Pencoyd Bridge & Construction Company has the con- 
tract forthe iron work for the elevation of the Pennsylvania 
Railroad tracks in Jersey City. Four tracks will be elevated. 


Tue Union Bridge Company has commenced moving the 
tools and machinery from the Buffalo shops to Athens, Pa. 
The company will vacate the old shop in Buffalo some time in 
June. Work on the new buildings at Athens is progressing 
rapidly. 


THE Phoenix and the Pencoyd Iron Companies are each add- 
ing two 20 ton open hearth furnaces to their steel plants. The 
foundations of both are well advanced. 


Tue Passaic Rolling Mill Company, Paterson, N. J., has 
contracts for a number of small bridges for the New York, 
Susquehanna & Western Railroad. 


Tue Phoenix Bridge Company is pushing work on the St. 
Louis Elevated Railroad. Tne drawings are complete, and the 
work will shortly be putin the shops. 


Tue Hilton Bridge Company, Albany, N. Y., has contracts 
for two 107-ft. spans for the West Shore Railroad and one 65-ft. 
four-track span for the New York Central & Hudson River; 
also for a number of spans for the Delaware & Hudson Canal 
Company. 


Tue Trenton Iron & Steel Company has the contract for the 
four-track bridge for the Central Railroad of New Jersey at 
Point of Rocks, near Jersey City. 


Tue last pin in the Red Rock Cantilever Bridge was driven at 
3: 30 P.M. on Thursday, May 7, and the first train passed over 
at noon on May to. The bridge was completed none too soon, 
for on May 9g the crossing at the Needles was washed out by a 
flood in the Colorado River, and traffic both ways was delayed 
12 hours. Since May 10 trains have been crossing the bridge 
regularly. 


Tue Union Bridge Company has the iron work for the 
Memphis Bridge over the Mississippi in the shop, and work is 
progressing actively. 








OBITUARY. 


Tuomas G. Nock, who died in Rome, N. Y., April 20, aged 
61 years, was born in England, but came to this country when 
a child. He learned his trade in Connecticut, and in 1854 
became Superintendent of the Ripley Iron & Steel Works at 
Windsor Locks, Conn.; in 1864 he went to Rome, N. Y., as 
Superintendent of the Rome Iron Works and retained that 
position until the New York Locomotive Works were estab- 
lished, when he was appointed President. 








Major OTuo E. MICHAELIS, Ordnance Department, U. S. 
A., died at Augusta, Me., April 29, aged 47 years. He gradu- 
ated from the New York City College and in 1863 entered the 
Signal Corps of the Army, and subsequently passed the neces- 
sary examination and was appointed Lieutenant in the Ord- 
nance Department, where he served steadily, rising gradually 
to the rank of Major. He was an active and efficient officer, 
and was thoroughly posted in his work. He was a member of 
several engineering societies. 





Joun VAN NorTWICK, who died in Batavia, Ill., April 15, 
settled in Kane County, Ill., in 1837 and took part in the first 
railroad building in that State, having been Chief Engineer of 
the Galena & Chicago Union Railroad, and Jater of several of 
the short lines which were afterward formed into the Chicago, 
Burlington & Quincy. He was President of the last-named 
Company for eight years and was also Chief of the Corps of 
Engineers employed to lay out canals by the State. Of late 
years he was largely interested in manufacturing. 





T. Haskins Du Puy, who died in Orange, N. J., May 15, 
aged 69 years, was born in Philadelphia and educated as 
a civil engineer. He began work on the Delaware & Hud- 
son Canal and was subsequently 6n the Pennsylvania Railroad, 
where he located and built part of the mountain section of the 
road. He also built some of the first iron bridges in this 
country. Later he heid important positions on the Mobile & 
Ohio, the Chicago & Atlantic and several other roads. For 
several years past he has been in retirement on account of ill 
health. Mr. Du Puy was considered an engineer of excellent 
judgment, and he was also successful as a railroad manager. 





Henry B. RIEHLE, who died in Philadelphia, April 25, was 
the head of the firm of Riehle Brothers, and had been for many _ 
years engaged in the manufacture of scales and testing ma- 
chines. ‘ He took an active part in the business of the firm with 
which he was connected, devoting the greater part of his time to 
the improvement of the several articles manufactured by them, 
and superintended the manufacturing interest at the works. His 
loss will be greatly felt in the business community and in the 
several religious and benevolent associations with which he 
was connected. Mr. Henry B. Riehle was connected with the 
firm of Riehle Brothers since its organization, nearly a quarter 
of a century ago. He leaves a widow and one child. 





DaviD BANDERALI died in Paris, March 30, aged 54 years. 
He was educated as an engineer at the Ecole Polytechnique and 
the Ecole des Mines, and entered the service of the Northein 
Railroad Company of France in 1859. He rose gradually 
through the various grades until he became Chief Engineer of 
Material and Motive Power, which position he held until his 
death. He visited this country several times and was well 
known to many American engineers, not only from these visits, 
but from the many courtesies which he extended to them in re- 
turn when visiting France. Monsieur Banderali was a fitient 
writer and published many articles in the French technical 
papers. He also stood very high as an engineer and head of a 
department, and was considered one of the foremost men in his 
profession in France. He was acareful student of American 
railroad practice, and advocated the adoption of many of its 
features in his own country. 





JAmMes NASMYTH, the distinguished mechanical engineer, died 
at his home in Kent, England, May 7, aged 81 years. He was 
born in Edinburgh, Scotland, and after studying for a time at 
the University of that city he went to London and entered the 
works of Henry Maudeslay, where he remained several years. 
In 1834 he established himself in business in Manchester, where 
he gradually built up a large factory. In 1839 he matured his 
first important invention, the steam hammer; this is also 
claimed by some French engineers, but there is no doubt that 
Mr. Nasmyth worked out his own idea independently. The 
steam hammer was followed by a safety ladle for foundries, a 
suction fan for ventilating mines, a reversible rolling mill, and 
a number of devices of lesser importance. In 1857, when his 
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firm—then Nasmyth, Gaskell & Company, of the Bridgewater 
Works—had become a large concern, he retired from active 
business altogether, and retired to a home which he had bought 
in Kent. After his retirement he wrote several important 
scientific works, and devoted a large part of his time to the 
study of astronomy, in which he was deeply interested. His 
autobiography—edited by Samuel Smiles—was published in 
1883, and is a book of great interest. He was one of the few 
inventors who are also successful in business, and his later 
years were passed in a comfortable retirement. 
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PERSONALS. 








Joun S. SILver has resigned his position as Vice-President 
of the National Car Spring Company. 


Joun H. WINDER is appointed Superintendent of the Sea- 
board & Roanoke and the Roanoke & Tar River Railroads. 


E. M. Roperts has been appointed Master Mechanic of the 
East Tennessee, Virginia & Georgia Railroad at Atlanta, Ga. 


R. N. CAMPBELL, late on the Chicago, Milwaukee & St. Paul, 
has gone to Jamaica, to take charge of a railroad on that island. 


G. M. Begacu, late of the Chicago & Atlantic, has been ap- 
pointed General Manager of the Pittsburgh & Lake Erie Rail- 
road. 


James A. NorToN has been appointed Railroad Commis- 
sioner of Ohio, succeeding W. S. CAPPELLER, whose term has 
expired. ; 


Epwarp P. RIpLey has resigned his position as General 
Manager of the Chicago, Burlington & Quincy Railroad, to 
become Second Vice-President of the Chicago, Milwaukee & St. 
Paul. 


GrorcGe L. Fowver has opened a mechanical engineering 
office at 171 Broadway, New York. He will give special at- 
tention to estimates, designs, and tests of machine tools, en- 
gines, and power machinery. 


Major JoHn C, WINDER has been appointed General Man- 
ager of the Seaboard & Roanoke Railroad and its controlled 
lines. Mr. L. T. Myers succeeds Major Winder as General 
Superintendent of the same lines. 


Grorce B. Harris has succeeded Henry B. Stone as Second 
Vice-President of the Chicago, Burlington & Quincy Railroad 
Company. Mr. Harris has been General Manager of the 
Chicago, Burlington & Northern Railroad. 


J. T. HARAHAN has been appointed General Manager of the 
Louisville, New Orleans & Texas Railroad, with office in Mem- 
phis, Tenn. He has served on the Louisville & Nashville, the 
Lake Shore, and the Chesapeake & Ohio. 


JoHN CHAMBERLAIN has been appointed Master Car-Builder 
of the Boston & Maine Railroad, in place of D. C. RIcHARD- 
SON, who has resigned. Mr. Chamberlain was formerly Assist- 
ant to Mr. Adams on the Boston & Albany, but for some time 
past has been in charge of the car works at Wichita, Kan. 


Joun W. Coun, Secretary of the Master Car Builders’ As- 
sociation, has accepted the position of General Western Man- 
ager of the Westinghouse Air Brake Company, with headquar- 
ters in Chicago, and will take up his residence in that city 
immediately after the annual meeting of the Master Car 
Builders’ Association in June. 


Ropert E. Pettit has resigned his position as General 
Superintendent of the Pennsylvania Railroad Division of the 
Pennsylvania Railroad. He has been on the road for about 20 
years, serving in the engineering department until 1882; in 
that year he was made Superintendent of the New York Divi- 
sion, and was promoted to his late position in 1885. 
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PROCEEDINGS OF SOCIETIES. 








American Society of Civil Engineers.—At the regular 
meeting, May 7, the progress for the arrangements of the An- 
nual Convention was announced. 

A paper on the Stability of Masonry Arches, by Mr. A. S. C. 
Wurtele, was read by title and the subject was informally dis- 
cussed by a number of the members present, Messrs. Fteley, 
Hardy, Owen, Shinn, Cohen, Bogart and Brush giving instances 
from their experience. 

The tellers announced the following elections: Members: 
Holland W. Baker, St. Louis; Henry H. Carter, Boston ; 





Henry A. Herrick, Spokane Falls, Wash.; Edward C, Jordan, 
Portland, Me:; Gustave Kaufman, ses ae Pa.; John P. 
Kelly, Troy, N. Y.; Albert B. Knight, Butte City, Mont.; Olin 
D. Leisenring, Cleveland, O.; Otto J. Marstrand, Brooklyn, 
N. Y.; Albert S. Riffie, Walla Walla, Wash.; Charles W. Stani- 
ford, New York. 

Associate: Malverd A. Howe, Terre Haute, Ind. 

Juniors ; George G. Earl, Montgomery, Ala.; Charles E. 
Fowler, Muncie, Ind.; William J. Stewart, Rochester, N. Y.; 
Arthur C. Wheatley, Henry C. Yeatman, San Cristobal de 
las Casas, Mexico; Albert H. Zeller, St. Louis, Mo. 





Boston Society of Civil Engineers.—At the regular meet- 
ing in Boston, April 16, reports were received from the Com- 
mittees on National Public Works, on Weights and Measures, 
en the Library, and on Highway Bridges. The last-named 
Committee reported in favor of conservative action, but be- 
lieved that reform could best be obtained by free dissemination 
of information and by a law for the periodical examination of 
the structures. As a preliminary step they advised a commis- 
sion of experts to report upon the condition of existing bridges, 
and to prepare recommendations for the Legislature. 

Professor Woodbridge gave an account of the system of 
heating and ventilation of the new engineering building of the 
Massachusetts Institute of Technology. 





New England Railroad Club.—At the regular meeting in 
Boston, May 14, the subject was the Length of Rigid Wheel- 
base permissible on American Railroads. Mr. F. M. Twombly 
read a paper on this subject, giving some notes of experience 
with different types of locomotives on the road having many 
curves. 

The subject was discussed by Messrs. Richards, Marden, 
Allen and others. Mr. Marden stated that he had run special 
cars with 10-ft. wheel-base carrying exceptionally heavy loads, 
and also that he had cars running with 13-ft. wheel-base, and 
sharp flanges were almostunknown. He was satisfied that with 
any curve on New England roads with an 11-ft. wheel-base and 
M. C. B. standard axle, there was sufficient play given to pre- 
vent any bad effects. 


Engineers’ Club of Philadelphia.—At the regular meeting, 
March 15, Mr. T. Carpenter Smith presented an account of the 
Method of Towing Coal Barges on Western Rivers. 

Mr. Wilfred Lewis presented an account of a recent visit to the 
works of the Simonds Rolling Machine Company in Fitchburg, 
Mass. 





AT the regular meeting, April 19, it was decided to lay the 
matter of the revision of rules for the election of members on 
the table. An amendment changing the dues of members was 
presented. 

Mr. Wilfred Lewis presented a description of a new Shaft 
Coupling for the transmission of power to traveling cranes, 
etc. 

Mr. Easton Devonshire read a paper on the Purification of 
Water by Means of Metallic Iron, calling attention to applica- 
tions of this process made in England and Belgium with much 
success. 





AT the regular meeting, May 3, it was decided to resubmit 
the amendment increasing the dues of the resident members. 

The Secretary presented for Mr. William H. Dechant a paper 
on the Mountain Railroads of Reading, Pa., accompanied by a 
map giving the alignments of the roads, which are generally 
gravity lines. 

The Secretary presented for Mr. J. Foster Crowell a paper 
on Interoceanic Canal Prospects, describing the present condi- 
tion of the Panama Canal works, and also the condition of 
affairs in Nicaragua. 

Mr. Edwin S. Crawley presented a paper on the Lobnitz Sys- 
tem for Breaking up Rocks under Water without Explosives. 
The principle consists in producing a shattering of the ruck by 
the action of a heavy mass dropped from a convenient height 
and acting like a projectile. 





Engineers’ Society of Western Pennsylvania.—At the 
regular meeting in Pittsburgh, February 18, Mr. A. Dempster 
presented the report of the delegation appointed to attend the 
convention held in Harrisburg, January 23, to discuss changes 
in the road laws of the State. It was voted to continue the 
Committee on Highway Roads, with instructions to report from, 
time to time. 

Mr. Dempster then read an interesting and practical paper on 
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the Road Problem, which was discussed by Messrs. Wilkins, 
Roberts, Kirk, Johnson, Becker and others. 
Mr. Simon H. Stupakoff was elected a member of the Society. 





AT the regular meeting in Pittsburgh, March 20, L. B. Still- 
well read a paper on Distribution of Light and Power by Elec- 
tricity. He stated, among other things, that the capital now 
invested in electric light and power companies amounted to over 
$275,000,000, and that there are 109 street railroads with 580 
miles of track now operated by electricity. 





Ar the regular monthly meeting in Pittsburgh, April 15, Mr. 
W. €. Quincy read a paper on Reminiscences of Railroad Build- 
ing on the Baltimore & Ohio. He gave extratts from the early 
reports of the road, and mentioned his experience in 1849, when 
he was a member of an engineering party having in charge the 
building of tunnels on the western part of the road. There 
was some discussion by members present. 

The following were elected members of the Society : Daniel 
Ashworth, W. A. Giles, William Morgan, James Ritchie, Fred. 
A. Scheffler, and Charles F. Scott. 





Civil Engineers’ Club of Cleveland.—At the regular meet- 
ing, May 13, Mr. C. O. Palmer resigned his position as Secre- 
tary of the Club. A Memoir on the Life of Mr. James S. 
Oviatt, a late member, was read. 

The Committee on Affiliation with the American Society of 
Civil Engineers presented a report which was accepted, and the 
Committee requested to attend the Conference in New York in 
June. Mr. Thompson presented the Club with a carved stone 
containing the name of the late Charles Latimer. 

Mr. G. A. Hyde read a paper on Gas-holder Tanks, in which 
the difficulties of founding large tanks on a hill-side composed 
of alternate Jayers of clay and quicksand were shown. This 
was followed by a general discussion, which turned principally 
on the nature of the soils about Cleveland. 





Engineers’ Club of Cincinnati.— At the regular April meet- 
ing of the Club one new member was elected and four applica- 
tions for membership were received. 

Professor T. H. Norton, of the University of Cincinnati, de- 
livered a very interesting lecture on Aluminium, the metal 
which is at present receiving so much attention from metallur- 
gists and engineers, and which is destined to be the metal of 
the future, on account of its adaptability for use for a multitude 
of purposes where iron and steel are now employed, the only 
drawback to its general use at present being the great expense 
attendant upon obtaining it in a commercial form. This, how- 
ever, by reason of various experiments and the improvements 
made in the manner of manipulation, is being rapidly overcome. 





AT the regular March meeting of the Club three new members 
were elected and one application for membership received. 
The date for holding the regular meeting in April was changed 
from the third to the fourth Thursday. 

The paper prepared and read by Colonel William E. Merrill 
comprised an extended review of the history, extent, develop- 
ment, conduct, and cost of the construction and maintenance 
of the inland navigable water-ways of France, which include 
3,000 miles of canals, 2,050 miles of canalized rivers, and 1,850 
miles of rivers that are used for purposes of navigation, which 
are all with slight exceptions under the management of the 
Government. 





Engineering Association of the Southwest.—At the reg- 
ular meeting in Nashville, Tenn., May 8, Messrs. Kenneth 
McDonald, Donald McDonald and Dexter Belknap, all of 
Louisville, Ky., were elected members. 

The Executive Committee presented a report recommending 
a limited form of affiliation with the American Society of Civil 
Engineers, the Association to retain its independence in all 
matters of management, election of members, etc. The report 
also suggested a general affiliation of all engineering societies. 
After discussion it was adopted, and Messrs. McLeod, Land- 
reth ‘and Foster were appointed a committee to attend the 
meeting of the American Society in June, as representatives. 

Mr. George Reyer read a paper on the Duty Test of the 
Holly-Gaskill Engine at the Nashville Water Works. The 
engine is a vertical compound condensing engine, with two 
high-pressure cylinders 33 in. and two low-pressure cylinders 
66 in. in diameter, all 60 .in. stroke. The pumps are single- 
acting plunger pumps 27 in. in diameter placed in a dry well 
directly under the steam cylinders, the pump-rods being exten- 
sions of the piston-rods, The latter are also connected by over- 








head beams and connecting rods to cranks, set at an angle of 
go”, on a shaft carrying a 24-f{t. fly-wheel. The condenser is a 
surface condenser, and there are four air-pumps and four feed- 
pumps driven from the main engines. The test gave these 
results: Duration of test, 4 days, 8 hours ana 52 minutes. 
Total U. S. gallons pumped, 49,776,080 ; average head pumped 
against, 268.7 ft.; actual duty of boiler and engine per hundred 
pounds of coal consumed, 72,223,992 ft.-lbs.; duty of engine 
alone per 500 lbs. of steam used, crediting engine with work 
done by feed-pump and with heat imparted to feed-water by 
condenser, 94,263,339 ft.-lbs.; revolutions during test 85,249; 
gallons pumped (computed by displacement), 50,711,220; rel- 
ative per cent. of slip, 1.84 ; average capacity per 24 hours, 
11,365,628 gallons ; actual evaporation per pound of coa) from 
feed at 50° F. to steam at 80 Ibs. pressure, 6.35 Ibs.; equivalent 
evaporation per pound combustible from and at 212° F., 9.31 Ibs. 

The paper was discussed by members present, and it was 
stated that the Jeakage of the reservoir and of the force-main 
(four miles in length) averaged 507,400 gallons per 24 hours, 
when the reservoir was filled to a depth of 31 ft. The reser- 
voir is composed of solid rubble masonry walls, from 36 ft. to 
38 ft. high, 8 ft. thick at top and 26 ft. at bottom, curved in 
profile, with concrete core throughout the full height. 

Professor Landreth showed and explained a new binocular 
hand-level, making the objection that it was liable to error, as 
the accuracy of its work was dependent on a perfectly balanced 
condition of the vertical muscles moving the two eye-balls of 
the observer—a condition very rarely existing. Experiment 
had supported this objection. 





Engineers’ Club of St. Louis.—At the regular meeting in 
St. Louis, March 19, Professor J. B. Johnson read an address on 
the Organization of a Federal Council of Engineers, the paper 
being the result of his investigations as member of the Commit- 
tee selected to prepare an address to the engineers of the coun- 
try on this subject. He mentioned as among the functions of 
a general organization the establishment of uniform qualifica- 
tions for admission to the different societies ; proper definition 
of the title engineer ; the formation of a joint library ; joint 
publication of papers and representation in the control of State 
and municipal engineering works. 

This called out along and active discussion, in which Messrs. 
Sedden, Meier, Moore, McMath, Potter, Ferguson, Wheeler, 
Beahan and Taussig took part, considerable opposition being 
manifested to the proposed general organization. 





Ar the regular meeting, April 2, Frederick Egner, John J. 
Sanders and James N. Tiernan were elected members. 

Mr. Thomas Long addressed the Club on the erection of some 
recent Jarge bridges, showing a number of views of the new 
Merchants’ Bridge at St. Louis, the Cairo Bridge and others. 

Mr. Frank Nicholoson read a paper on the Pemberton Con- 
centrator, in which he said that there was a widespread opinion 
that the concentration of ores was of doubtful value. This was 
followed by a discussion in which strong opinions were ex- 
pressed as to their usefulness. 





AT the regular meeting, April 16, the Committee on Affilia- 
tion with the American Society of Civil Engineers submitted a 
report which was made a special order for discussion at the next 
meeting. 

Mr. Isaac A. Smith read a paper on Railroad Inclines, giving 
experience in their construction and operation, and suggesting 
some improvements. This paper was discussed by members 
present. 

The Secretary read a paper by Mr. Arthur J. Frith on the 
Screw as an Element of Mechanism, giving considerations as 
to the proper design of the screw for different purposes and to 
its uses as a means of transmitting power. This paper was 
also discussed by members present. 

Mr. Robert Moore exhibited some cubes of clay taken from 
the bottom of the Mississippi at Memphis. Professor Johnson 
gave the Club some data regarding recent Tests of Granitoid 
Beams, which showed that a mixture of six parts of granite to 
one of Portland cement was stronger than mixtures having 
larger portions of cement. This statement was very fully dis- 
cussed. 


AT the regular meeting, May 7, Professor Arthur T. Woods 
read a paper on Compound Locomotives, with illustrations, 
Mr, Otto Schmitz read a paper on Granitoid Curb and Gutter, 
giving particulars of the composition of the artificial stone 
known by that name. Both papers were discu:sed by members 
present. - 

The special order was then taken up, being the report of the 
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Committee on Affiliation with the American Society of Civil 
Engineers. This report was very full, and proposed as the out- 
line of_a pos to confer upon any association of engineers, 
one-fifth of whose members are connected with the American 
Society, the privilege of becoming a branch or chapter of that 
Society, in a restricted sense, the constitution to be in harmony 
with that of the general society. Such assdciations are to be 
independent of each other, and to be represented in the Amer- 
ican Society only by such of their number as are members of 
that Society ; they were to be also self-governing as to all local 
circumstances, . Professional papers submitted to the branches 
are to be published by the American Society, the local club to 
make contribution to the cost of publication at rates to be fixed. 
Provision should be made for two general meetings of the 
Central Society in each year at which all business affecting 
general interests should be transacted. 

This report was discussed at some length, and it was voted 
that the recommendations on the Committee be adopted as 
the sentiment of the Club, and that notice should be sent to all 
other engineering societies. 


Western Society of Engineers.—At the regular meeting 
in Chicago, May 7, the Committee on Rapid Transit and 
Terminal Facilities in Chicago presented a report offering three 
plans for discussion : 1. A complete system of elevated roads. 
2. A complete system of depressed tracks. 3. A system 
partly elevated and partly on the surface. A minority report 
was also presented recommending the third system only. Let- 
ters on the subject were read from a number of engineers and 
railroadmen, and estimates and plans were also presented by 
Mr. A. F. Robinson and Colonel Richard P. Morgan. The 
discussion will be continued. 


Northwest Railroad Club.—At the regular meeting in St. 
Paul, May 10, the first subject for discussion was Driver 
Brakes, which was introduced by Mr. William McIntosh. 

The second subject was the Master Car Builders’ Rules for 
Interchange, with the amendments expedient. This was intro- 
duced by Mr. G. F. Ward, and was generally discussed by mem- 
bers present. 

Engineers’ Club of Minneapolis.—A new club under this 
name was organized in Minneapolis, Minn., May 7, taking the 
place of the old organization. Meetings will be held once a 
month, and it is hoped that the Club will be active and suc- 
cessful. The officers are: President, Professor W. A. Pike; 
Vice-President, William De La Barre ; Secretary and Treasurer, 
F. W. Cappelen ; Librarian, W. W. Redfield. 


Northwestern Track & Bridge Association.—At the reg- 
ular meeting in St. Paul, Minn., March 15, Mr. James Man- 
ning read a paper on the Best Method of Protecting Track from 
Snow. In this paper he spoke at considerable length on snow 
fences and their proper arrangement, recommending that they 
should be at least 8 ft. high, and, as a rule, should be placed 
100 ft. from the track. He also spoke of the planting of trees 
at cuts, recommending willows for this purpose, and said that 
in prairie country a great deal can be done by raising the grade 
line slightly above the genera) surface. This paper was gen- 
erally discussed by the members present, and Mr. Manning's 
recommendations as to fences were approved by vote. 

The Elevation of Track on Curves and Cattle Guards and 
Culverts were selected as subjects for the next meeting. 


Ar the regular meeting in St. Paul, Minn., April 12, Mr. G. 
W. Downing read a paper on the Elevation of Track on Curves, 
which was generally discussed ; as usual many differences of 
opinion were developed on this point. ; 

The second subject for the evening was Cattle Guards and 
Culverts, which was discussed by Messrs. Stevens, Copeland, 
Downing, Pearson, and others. 


Denver Society of Civil Engineers.—At the regular meet- 
ing in Denver, Col., April 22, it was decided to hold a conven- 
tion of all the civil engineers in the State at Manitou, about the 
time of the opening of the rack-railroad up Pike’s Peak. 

Mr. C. G. Anderson read a long and interesting paper on 
Large Irrigation Canals, treating of their construction, main- 
tenance, and operation very fully. 


Engineers’ Club of Kansas City.—On Friday evening, 
February 28, the Club held its Annual Dinner at the St. James 
Hotel, Kansas City. There were 33 present, including. 22 





members and invited guests. After a most satisfactory repast 
toasts were responded to by President W. H. Breithaupt, O. B. 
Gunn, F. E. Sickels, K, Allen, A. J. Mason, G. W. Pearsons 
and D. W. Pike, and entertaining reminiscences of engineering 
experience were given by Mayor Davenport, er oe Gunn, Mr. 
E. I. Farnsworth and Mr. Henry Goldmark. . William B. 
Knight filled the office of toast master in a most satisfactory 
manner. 


At the regular meeting, March 3, R. J. Mc Carty was chosen a 
member. It was resolved to hold meetings hereafter on the 
second Monday of each month. The Secretary presented in 
behalf of Mr. Thomes a large number of valuable Government 
Reports. 

Mr. G. W. Pearsons read a paper on Photography applied to 
Surveying, in which he said : ‘* The focal length of camera best 
adapted to this work is from 12 to 15 in. The image formed on 
the sensitive plate represents a series of right lines passing 
through the center of the lens from the landscape to it. If, 
therefore, the plate is in correct position it will give a mathe- 
matically correct copy, capable of direct measurement, and to 
a much greater degree of accuracy than would be at first imag- 
ined. 

‘* For purposes of precision proper regard must be paid to the 
positions of the plate and camera. The former must be truly 
vertical, and, for a proper definition of the horizon, its edges 
should be horizontal. The angle covered by the plate must be 
known, and sufficient lap should be allowed to join consecutive 

rints. 
pn The centers of p'ates should be correctly located, vertically 
and horizontally, as they must be measured by a scale of tan- 
gents from the vertical center and horizon. The focal distance 
should remain fixed. 

‘“* After taking a series of views from the first station, proceed 
to the next point and take another set in the same manner, in- 
tersecting the first. The points of observation being known, 
these intersections determine any desired point in the field of 
view. The third station bears on the first two, the fourth on 
the second and third, etc., forming a continuous triangulation 
on which most points may be defined by three intersections. 
Any point so determined is also defined as to height by the tan- 
gent of its distance from the point of observation. The plates, 
therefore, give vertical as well as horizontal definitions of the 
field, and with a degree of accuracy which will surprise the en- 
gineer.” 


AT the regular meeting, May 1, Karl Wenntrock was chosen 
a member, and E. J. Lawless an associate. 

Colonel S. N. Stewart made an address on Draw Bridges 
Closed by Water Power, and on Water Motors as used .in 
Europe. Three methods of closing floating draws by the cur- 
rent of a river were shown: in the first the current acting 
directly on large wings or planks; in the second the draw is 
closed by a car, which is forced up an inclined road by the action 
of the current, and in the third it is closed by the action of the 
current on a boat with submerged vanes. It was also stated 
that motors operated by the current of a stream were used very 
much more in Europe than in this country. 


Montana Society of Civil Engineers.—At the regular 
meeting in Helena, Mont., March 15, an amendment in relation 
to the election of candidates was proposed and submitted to 
ballot. e 

The Secretary was instructed to send printed copies of the 
Society’s letter to Honorable T. H. Carter on the subject of 
Public Land Surveys to the surveyors general of the different 
States and Territories and to the secretaries of the different en- 
gineering societies, asking for their co-operation in securing the 
reforms in the present system of surveys recommended in the 
letter. Also to send copies to the Congressmen from the West- 
ern States, 

Mr. Keerl exhibited a fine transit made by Buff & Berger, of 
Boston, used in the construction of the Wickes Tunnel on the 
Montana Central. Discussion followed on different styles of 
engineering instruments. 7 


Technical Society of the Pacific Coast.—At the regular 
April meeting in San Francisco, a committee, consisting of 
Messrs. L. Wagoner, E. J. Molera, Ross E. Browne, F. Soulé, 
and L. M. Clement, was appointed to make investigations to 
determine the yielding of the Bear Valley Dam under strain, in 
pursuance of the suggestions made by the American Society of 
Civil Engineers. 

Mr. Randall Hunt read a paper on Coffer Dams and Founda- 
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tions under Water, describing the caissons used in building the 
sea-wall at the foot of Market Street, San Francisco. 

Mr. L. Wagoner described a singular structural change of 
material under strain—a lateral shrinkage of metal rods from 
elongation beyond the elastic Jimit, not uniform but intoJerably 
well defined strata or sections transverse to the axis. He also 
explained how the spectrum gave colors varied by stress in 
cylinders of glass. Further experiments are to be made on 
this point by Mr. Wagoner and Commander Gilmore, U. S. N., 
and the results will be submitted to the Society. 





Master Mechanics’ Association.—The Committee on Brick 
Arches in Locomotive Fire-boxes has asked for information on 
that subject, requesting members to send their experience with 
such devices and also descriptions and drawings of the plans 
used. ° 


Master Car-Builders’ Association.—The 24th annual con- 
vention will be held at Old Point Comfort, Va., commencing 
Tuesday, June 10, at 10 A.M. 

Headquarters will be at the Hygeia Hotel. 

The revision of the Rules of Interchange is the special order 
of business at 10 A.M., on Wednesday, June I1. 





National Convention of Railroad Commissioners.—The 
Committee appointed at the meeting held in March, 1889, has 
issued a call for a second convention, to be composed of the 
Interstate Commerce Commission and the Railroad Commis- 
sioners of the several States. This convention was to meet in 
Washington, May 28 ; the subjects suggested for consideration 
are : Harmony in Railroad Legislation ; Annual Reports from 
Carriers ; Uniformity in Railroad Accounting; Classification 
of Railroad Statistics ; Classification of Freight; Regulating 
Railroad Construction ; State Railroads; Reasonable Rates, 
and Safety Appliances for Railroad Cars. 





American Society of Mechanical Engineers. —Cincinnati 
was selected as the place for holding the annual convention of 
the Society of Mechanical Engineers this year. The first ses- 
sion was held in the Scottish Rite Cathedral, on Tuesday even- 
ing, May 13, at8 P.M. The meeting was opened by Mr. George 
A. Gray, of Cincinnati, who introduced Mr. M. E. Ingalls, 
President of the Cleveland, Columbus, Cincinnati & St. Louis 
Railroad, who made a happy reception address, and Professor 
H. T. Eddy, Dean of the University of Cincinnati, also wel- 
comed the Society with a few brief remarks. To this cordial 
reception Mr. Oberlin Smith, the President of the Association, 
responded. Owing to the illness of a member of his family 
Secretary F. R. Hutton could not attend the meeting. Mr. C. 
J. H. Woodbury therefore acted in his place. 

After the welcome and the response the Society proceeded 
immediately to the business for which it was assemb'ed. Ab- 
stracts of the following papers were read : 

J. E. Denton: The Measure of Durability of Lubricants, 

C. S. Dutton : Some Experiences with Crane Chains. 

George H. Barrus: Memoranda on Indicating Engines of 
the Steamer City of Richmond. 

Each paper was discussed, many of the engineers taking 
part. After the regular exercises a lunch was served, and the 
members of the Society were given the opportunity of becoming 
acquainted. 

Wednesday was the field day of the convention, and sessions 
were held in the morning, afternoon, and evening. At the 
opening of the morning session the Secretary's report was read, 
and reports were read on the Duty of Pumping Engines— 
which was accepted ; on Standard Tests and Methods of Test- 
ing Materials—which was not final, so the Committee was con- 
tinued ; on Standard Dimensions of Pipe Flanges—read and 
Committee continued. 

Mr. Forsyth moved that a Committee of seven be appointed 
to report on methods of testing locomotives. The resolution 
was advocated by Messrs. Wall, Webber, Strong, and Barrus, 
and was then adopted. Subsequently the following Committee 


was appointed: Professor C. B. Richards, H. B. Stone, Allen 


Stirling, F. W. Dean, William Forsyth, James E. Denton, and 
Axel Vogt. 

The first paper read at the morning session was one by Mr. 
W. F. Dixon on the Efficiency of Locomotives. It was dis- 
cussed at considerable length, but nothing very new was brought 
out. The compound locomotive was talked about in a desultory 
way, but none of those who took part in the discussion had any 
important facts to present. So far the advantages of the com- 
pound locomotive seem to be like a Scotch verdict, “‘ not prov- 
en.’’ The friends of the system report an economy of from 15 
to 20 per cent. in fuel consumption, Whether this will be 





sufficient to compensate for the increased first cost and cost of 
repairs still remains to be shown. 

The next paper was on Working Railroads by Electricity, by 
Willis E. Hall, and called out an animated discussion. Ina 
written commentary on this paper Mr. Scheffler attempted to 
refute some of Mr. Hall’s data, and tried to prove that the ex- 
pense of operating an electric railroad, if much power was re- 
quired, would be so great as to be prohibitory. 

Mr. Spaulding said that if the data quoted by Mr. Scheffler 
were correct, most of the electric railroads were now on the 
verge of ruin. He also called attention to the fact that electric 
motors had considerably more adhesion than ordinary locomo- 
tives. The reason, he thought, was not yet fully understood, 
but the fact had often been observed. The absence of recipro- 
cating parts in electric motors was also an important matter, 
and he thought that ultimately water power would be utilized 
for running electric motors. 

Another member said that the application of a higher degree 
of mechanical skill to the problem of electrical science would 
be very advantageous, and that the amount of quackery which 
has been palmed off on the public as electrical engineering 
would seem incredible to those who have not had opportunities 
to know of it. 

Mr. Barker observed that there was now a disposition to re- 
turn to the use of a separate motor rather than to drive from 
each axle. 

Mr. Sweeney called attention to the fact that electric locomo- 
tives could be run and managed by a cheaper class of labor 
than is required to manage steam locomotives. The expense 
of applying an electric motor to each car is a serious difficulty 
in propelling them in that way. 

Mr. Rogers thought that the motive power on electric rail- 
roads should be distributed over the whole train. He would 
also like to learn the reason for the increased adhesion of elec- 
tric motors. : 

Mr. Webber said that it did not follow that a large trunk line 
railroad could be operated successfully and profitably with elec- 
tricity because a street road could be worked by such means. 

The discussion was of a very desultory character, and was 
chiefly an expression of the anticipations of those who took 
part in it, and to a great extent was a sort of engineering 
** Looking Backward.’’ 

The next paper was on the Determination of Sensitiveness of 
Automatic Sprinklers, by A. F. Nagle. Mr. Woodbury quoted 
statistics of the cost of fires with and without sprinklers, show- 
ing that when sprinklers were used the loss from fires was only 
about 6} per cent. of what it was when they were not used. 
He also referred to the defects of many sprinklers which are 
used, and said that he has many specimens which would be no 
more use in preventing fires than so many Hindoo idols would 
be. 

Papers were then read on Hirn & Dwelshauvers’ Theory of 
the Real Steam Engine, by Professor Thurston ; Tests of Sev- 
eral Types of Engines under Conditions found in Actual Prac- 
tice, by R. C. Carpenter ; Comparative Tests of a Hot Water 
and a Steam Heating Plant; Note on Kerosene in a Steam 
Boiler, both by Mr. Carpenter. 

At the afternoon and evening sessions the following papers . 
were read and discussed : A Use for Inertia in Shaft Governors, 
by E. J. Armstrong ; A Governor for Steam Engines, by Jesse 
M. Smith; Effect of an Unbalanced Eccentric in Shaft-Gov- 
erned Engines, by John E. Sweet ; An Open-end Mercury Col- 
umn for High Pressures; An Automatic Absorption Dyna- 
mometer, by G. J. Alden; Peclet’s Treatment of Chimney 
Draft, by J. B. Webb; the Mechanical Theory of Chimney 
Draft, by J. B. Webb; Graphic Representation of Thermo- 
dynamic Quantities, by Professor De Volson Wood ; Test of 
a Refrigerating Plant by the same author ; A Universal Calori- 
meter, by George H. Barrus. 

Thursday was devoted to excursions. At the invitation of 
the Niles Tool Works, the members of the Society took a 
special train in the morning and visited that establishment at 
Hamilton. After spending several hours in looking through 
these well-equipped works, they were taken to picnic grounds a 
few miles from Hamilton, and a bountiful lunch was served. 
Music, wine, and dancing gave a delightful coloring to engi- 
neering subjects. On the return of the train to Cincinnati it 
stopped at Ivorydale, and the members visited the soap works 
where the famous ivory soap is made. Each member—and his 
wife, if he had one with him —was presented witha cake of soap, 
with the assurance that if properly applied it would keep even 
a person’s conscience clean. 

In the evening a reception was given to the members by citi- 
zens of Cincinnati at the Art Museum. A local reporter de- 
scribed the reception as follows : 

** The Art Museum, shining afar from its lofty seat, was the 
scene of a very brilliant social event. From 8.30 until 10 the 
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roll of carriages to its doors was ceaseless, while every street 
car was packed. At 10 o’clock, when the reception was at its 
height, fully 700 people were walking about through its broad 
corridors, admiring the treasures of art which adorn them. 
The Cincinnati orchestra played in the balcony overlooking the 
entrance hall. The gentlemen were almost all in full evening 
dress ; the ladies in demi-toilettes, and some in full evening 
dress. It was an assembly of Cincinnati’s best society together 
with the visitors. 

“* Something after 9 o’clock Sir A. T. Goshorn welcomed the 
guests of the evening, and Mr. Woodbury replied.” 

The last session was held on Friday, when the remaining 
papers were read and discussed, These were on Heating Fur- 
naces, by D. K. Nicholson ; Equilibrium Arch Curves, by H. 
H. Suplee ; the Kinzua Viaduct, 1882, by T. C, Clarke; the 
Length of an Indicator Card, by J. B. Webb ; Indicator Cards 
of the Pawtucket Pumping Engine, by D. S. Jacobus, end on 
the Effective Area of Propeller Screws. 


> 


NOTES AND NEWS. 





A Well-Equipped School.—The workshops of the Rose 
Polytechnic School at Terre Haute, Ind., are, it is claimed, the 
most complete of any of their class in the country. In the 
course in Mechanical Engineering particular attention is paid 
to shop practice and actual construction, the students being re- 
quired to work in the shops as well as in the drawing rooms and 
lecture rooms. Over $40,000 were expended in fitting up these 
shops and supplying them with tools. 


Multiple Screw Propulsion.—Although the exigencies of 
safe marine propulsion clearly enough demonstrate the neces- 
sity for spreading the enormous power required in our Jargest 
and swiftest steamships over two or more sets of engines, 
shafting, and propellers, the superior propulsive efficiency of 
twin-screws still remains a matter for serious doubt. Exhaus- 
tive experiments were made in France about four years ago, at 
the instance of M. de Bussy, to ascertain whether multiple 
screws would so interfere with each other as to give bad results 
in steaming. These experiments went to show that, for vessels 
of suitable form, the use of three screws, having a ratio of pitch 
to diameter differing but little from that ordinarily in use for 
vessels having single or twin screws—one in the center, placed 
just before the rudder, and one at each side, some distance in 
front of the center one—gives results from the point of view of 
speed very nearly equivalent to two screws of the same propul- 
sive surface and immersed to the same depth. Whether or not 
this may be taken as conclusively representative of the compar- 
ative efficiency of two and of three or more screws, there can be 
no doubt it goes far to justify the employment of twin-screws 
in large full-power vessels, even from the point of view of pro- 
pulsive efficiency. Efficiency apart, however, the chief obstacles 
which have hitherto been in the way of the adoption of twin- 
screws in vessels of moderate power have partaken more of a 
commercial than a scientific character. These obstacles comprise 
the necessity for duplicate sets of engines with all their various 
parts and complicated details, the great additional first cost, the 
more expensive up-keep, the extra engine-room staff entailed, 
and the extra space taken up inthe vessel. Of these several 
objections, the principal ones—those which relate to extra 
weight and cost, extra space taken up, and extra engine-room 
staff—are attempted to be met by an invention recently patented 
by Mr. Hugh Dunsmuir, of the firm of Messrs. Dunsmuir & 
Jackson, Govan Engine Works, Glasgow, who are about to fit 
it in two, light-draft vessels for Indian river service. This is an 
arrangement for working multiple screw propellers by means 
of one set of direct-acting engines placed athwartship in the 
vessel to be propelled.— Zhe London Engineer. 


Big Guns.—At a dinner of the members of The Institution 
of Naval Architects, Lord George Hamilton, the First Lord of 
the Admiralty, argued in favor of the heavy ordnance, about 
which there has been considerable unfavorable comment of Jate. 
In defending these guns he said: “ The one object of all naval 
and of all military tacticians is to concentrate force on a given 
space and within a given area; and they do so because they 
believe that not merely the material destruction which the concen- 
tration of fire effects, but the moral effect of the damage which 
it does is of enormous importance. . . . 

** The moment we come to ordaance of such a caliber as a 
projectile which cannot be lifted by one or two men, so far as 
rapidity of fire is concerned it is almost immaterial what is the 
size of the gun. There is little difference between the rapidity 
with which the 35-ton gun and the r1o-ton gun can be loaded, 
for the mechanical engineer supplies appliances by which every 
gun can be loaded and reloaded with almost equal rapidity. In 
certain quarters there is a great wish that we should substitute 





manual effort for mechanical power in loading guns of a certain 
caliber.” ‘ 

Lord George Hamilton considered that all the objections 
against loading and training guns by mechanical power are a 
mere reproduction of the objections which were urged against 
the substitution of steam for sail power. Mechanical power 
may occasionally break down, but the speaker believed there 
was no machinery on board a man-of-war so unlikely to break 
down as the hydraulic power by which the great guns are loaded 
and trained. But if mechanical power be substituted for man- 
ual power in loading, the men must stand level with their guns, 
and protection must be afforded them, otherwise they can be 
swept away by the smallest gun. This means adding extra 
weight and offering a much larger target to the projectile of the 
enemy. 


Color-Blindness at Sea.—In a paper on the Washington 
Maritime Conference Rear-Admiral P. H. Colomb, R.N., said: 
“ The Conference dealt wholly with the question of color-blind- 
ness, on account of its danger with reference to the red and 
green side lights. I never knew, myself, a case of collision 
where color-blindness was in question. The statements are 
generally perfectly clear that wrong helm was given deliberately 
in the face of the color seen ; and as no authoritative teaching 
has existed to show that it mattered what color was seen as 
long as danger was denoted, I have never been able to lay stress 
on the color-blind question.’’ 


Light Railroads.—Among ‘the light railroads in use must 
now be counted a system devised by a Swedish engineer, Herr 
Axel F. Hummel, which is being adopted in Scandinavia, there 
being over 300 miles in use. For instance, on the Kosta-Les- 
sebo Railroad, joining the Carlscrona-Vexio, Railroad the width 
of the gauge is 24 in., the steel rails having a weight of 18.2 Ibs. 
per yard. The width of the formation is g ft. 3 in., and the 
radius of the curves mostly under 300 ft., and some not more 
than 70 ft. The gradients are as much as I in 35, and this has 
enabled the constructors to dispense with costly works. In 
spite of the steep gradients and sharp curves, 12-ton compound 
locomotives are used, having four cylinders and eight directly- 
driven wheels, and these are capable of hauling a train loaded 
with 40 tons at a speed of 15 miles an hour. The engines are 
provided with tenders, and a pressure of 165 lbs. is used. The 
trucks load from four tons to five tons, their own weight being 
one ton to1.3 ton. The average cost of these railroads is given 
at $6,700 per mile. In Norway a railroad is to be constructed 
upon this system, 48 miles in length, from Christiania to Roken, 
but the value of the land will in that case make the estimated 
cost $16,100 per mile. — 7he Engineer. 


Forced Draft in the British Navy.—Of a recent discussion 
of this subject at the meeting of the Institution of Naval Archi- 
tects, The Engineer says: ‘‘ The use of forced draft is now to 
all intents and purposes prohibited in the Navy,” and “‘ at sea 
it is in her Majesty’s Navy a total failure."’ The nature of the 
failure is that the tubes all leak at the combustion chamber end 
if the fires are urged by fans beyond a certain point. One of 
the speakers, Admiral de Horsey, in the discussion of the sub- 
ject, said: ‘* The use of forced draft was now totally prohibited 
in ships-of-war, except under conditions of great emergency, 
and then it was only to be used for a very short time.” 


Railroad Accidents in Michigan.—The report of the Michi- 
gan Railroad Commissioner for 1889 says that on the railroads 
of the State during that year 160 persons were killed—of whom 
7 only were passengers, 63 railroad employés, and go other per- 
sons—and 365 were injured, the list including 21 passengers, 
256 employés, and 88 other persons. There were thus casual- 
ties to 28 passengers, 319 employés, and 178 other persons ; a 
total of 525. The causes are shown in the following table : 


———Killed-——-—, -——Injured——~ 

Pas- Em- Pas- Em. 

sen- ploy- sen-  ploy- 

gers. és. Others. gers. és. Others. 
Collisions ve nee PEE ° ee See 2 
Derailments pain 4 bead 5 16 
Coupling cars apne 10 die 7 Py 144 
Falling from trains 15 eee 4 25 ey 
Getting on and off trains.... 5 3 6 II 3 
Overhead obstructions...... ee ah ee aay “ani I owe 
Miscellaneous 28 5 6 56 3 
Trespassers on trains eves baie 11 ‘eee I 30 
At highway crossings dash side's ae Sede 22 
Trespassers on track bins 52 bina “pine 30 


go ar 256 88). 


On these figures the Commissioner makes the following com- 
ments : 
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‘* We have to report but two injuries from collisions, a de- 
crease of 20 from the previous year, and the hope that we ex- 
pressed for such a result in our last report has been satisfac- 
torily fulfilled. From derailments 25 persons were injured, as 
against 20 in 1887. 

“* The casualties from coupling cars continue to increase, not- 
withstanding the exertions being made by nearly every company 
in the land for their prevention. . For the year under report we 
have an increase of 13. 

** Notwithstanding every effort by this office for the preven- 
tion of accidents at highway crossings, the number continues 
to increase, and we have a record of 19 persons killed and 22 
injured, as against 15 killed and 22 injured in the preceding 

ear. 

** Falling from trains continues to be a prolific cause of fatal- 
ity on our roads, 18 having been thus killed and 29 injured dur- 
ing the past ® gl of which number 7 were passengers and 40 
employés. The sad commentary upon this record is that in 
nearly every case the death or injury resulted from the neglect 
or want of caution on the part of the sufferers themselves. 

“Two passengers, 5 employés, and 3 others were killed, 6 
passengers, 11 employés, and 3 others injured in attempting to 
board or leave trains while in motion—a total of 30 persons 
killed or crippled for lack of thoughtful care and discretion. 

** For the want of wholesome legislation which would author- 
ize, under proper restrictions, the arrest of persons found tres- 
passing on railroad properties, there is no abatement in the 
work of their taking off. There were 123 of that unfortunate 
class run over last year and either killed or maimed for life ; an 
increase of 15 over the previous year.” 


A Water Telephone.—An instrument of this kind was re- 
cently patented in England by W. Walker, of London. 

In apparatus employed for the collection of sound transmitted 
through water, such as between ships, some difficulty is experi- 
enced in properly recording the sounds on account of the instru- 
ment being worked by other causes, such as the movement of the 
ship. The inventor remedies this defect by constructing the 
apparatus so that any pressure caused by the increased density 
of the water has no effect upon such apparatus. Referring to 
the illustration, the telephonic receiver Cis secured concentri- 
cally within the cup D. By a passage Z the cup D communi- 
cates with a closed tube /. Passing through the tube / is a 
second tube # having at its upper end an orifice 7. One end of 
the tube H leads to the chamber C, and the other to a pressure 
gauge onthe ship. 4 is the diaphragm of the receiver. The 
action of the apparatus is as follows: Assuming the same to 
be applied to a ship, any alteration that takes place in the posi- 
tion or motion thereof will cause a difference in the external 
pressure acting upon the diaphragm A, which is counterbalanced 
internally by the pressure of air in the chamber C and tube 7 
caused by the water rising in the chamber / in proportion to 
the depth to which the instrument is immersed. This compen- 
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sation takes place each time the apparatus is raised or lowered 
by the motion of the ship in the water, and ensures only the 
sound waves affecting the diaphragm. - The area of the space 7 
through which the water enters to the chamber / being equal 
to the area of the diaphragm 4, an equal pressure acts upon 
each when the instrument is so placed as to receive the full force 
of the water through which it is passing, or which is passing it ; 
by this arrangement the equilibrium of the diaphragm is main- 
tained.—/ndustries. 








A Self-Destructive War-ship.—The accompanying illustra- 
tion shows a torpedo boat invented by Samuel Barton, of New 
York, and recently patented by him, the number of the patent 
being 423,405. It is substantially a huge torpedo, provided 
with engine and boiler and carrying a crew, and is also provided 
with a steam launch by which the crew may make their escape 
after bringing the ship into action. 

The forward part of the vessel is of a conical shape, but at 





a 


the back end is a flat deck, upon which the steam launch is car- 
ried. The roof or deck is of sufficient thickness, in combination 
with its circular shape, to prevent damage from shells. The 
charge of dynamite or other explosive is carried in the bow at 
13 14, and the charge may be exploded by electricity, means 
for that purpose being provided, or by the impact or shock of 
striking. The greater part of the rest of the space is taken up 
by the engine and boiler, for as it is not expected to make long 
trips it is not considered necessary to carry any large supply of 
fuel or stores. In action the vessel would be first taken toa 
convenient point, then submerged from the ordinary water-line 
a a to the line 4 4, then steamed at full speed toward the vessel 
to be attacked. The crew would then take their places in the 
steam launch, leaving only the pilot and the officer charged with 
completing the circuit for the explosion i the vessel. The 
electrical connection may »e so arranged that the act of striking 
the vessel attacked would explode the charge. The pilot and 
his associate having remained on board until the last possible 
moment would jump overboard, and, being provided with life- 
preservers, could be picked up by the launch. The inventor 
claims that a very heavy charge of explosive could be carried in 
this way, and that the explosion, while it would of course de- 
stroy the vessel itself, would also destroy the largest iron-clad 
afloat. The risk, of course, is great, but he believes that it 
would be possible for all the crew to escape. This may per- 
haps be considered as a revival, with modern improvements, of 
the fire-ship employed in former times ; at least it is an enlarge- 
ment of the torpedo idea. 


Nickel in Canada.—On a little branch of the Canadian 
Pacific Railroad near Sudbury, P. Q., is a nickel mine that 
produces more nickel, it is said, than the entire market of the 
world calls for. It is found at a depth of about 300 ft. below 
the surface, in a layer of oxidized Laurentian rock characteristic 
of that region. Immediately the mineral is hoisted from the 
mine it is broken up and calcined, or roasted, for the purpose 
of eliminating the sulphurit contains. When this process is com- 
pleted, the residuum is conveyed to the smelter. After the 
dross of the molten metal flows off, the nearly pure nickel and 
copper are blended together, forming an alloy, 70 per cent. of 
which is nickel and 30 per cent. copper, which is drawn off at 
the base of the furnace and allowed to cool. When cold, the 
product is shipped to Swansea, Wales, and Germany, where 
the constituent metals are separated and refined by secret proc- 
esses, known only to the manufacturers and jealously guarded. 
The output of the mine is stated at 4,000 tons of nickel annually. 


Aluminium.—The wonderful qualities of this metal are more 
or less well known, the principal of which are comparative light- 
ness, great ductility, and its anti-corrosive nature. Hitherto, it 
has not been extensively used, owing to its high cost, but now 
aluminium brass, bronze, and ferro-alloys are sold at compar- 
atively low prices, and it appears probable that there will shortly 
be a revolution in the manufacture of some of the materials used 
in marine engineering and shipbuilding. 

Recently Mr. J. Farquharson, for 30 years with the British 
Admiralty, and its chief metal expert, has made two extended 
visits to the works of the Cowles Syndicate Company, near 
Stoke-upon-Trent, and there personally made many tests and 
trials of the Cowles standard alloys. In his report, he states : 
** For bearings and all work that can be cast in chill, the bronze 
alloys are, in my opinion, superior to any metal previously in 
use. As regards the brasses, composed of copper, spelter, and 
aluminium, they have properties which make them comparable 
with gun metal and other bronzes used as cast, rather than 
with the brasses proper, mainly composed of copper and spel- 
ter;’’ and in his opinion they are, as regards reliability, 
strength, and stiffness, greatly superior to al) other alloys in 
use. The No. 2 aluminium brass is, he states, the best metal 
for screw propellers, stern-posts and stems of ships, at present 
known, and is remarkable for the qualities required in such 
work, having a tensile strength as cast, as high as 34 tons per 
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square inch, with an elastic limit of 26 tons, and yet capable of 
standing severe blows without breaking. 

It is not, however, in combination with copper, that the great- 
est use of aluminium may be expected. 

When a smal! percentage in the form of ferro-aluminium is 
added to cast-iron, or in thespuddling furnace, most remarkable 
results are obtained. Recently, a considerable demand has 
arisen for ferro-aluminium for foundry use, as the addition of 
small percentages of aluminium up to 1 per cent. has been found 
to improve the quality of cast-iron, and to permit the produc- 
tion of faultless castings from iron hitherto regarded as alto- 
gether unfit for foundry use. Similarly, the addition of only 
0.25 per cent. in the puddling furnace has led to most satisfac- 
tory results. Comparative tests of ordinary puddled bars of 
iron, and of bars rolled from the same quality of iron, but with 
the addition of 0.25 per cent. of aluminium, in the form of ferro- 
aluminium, show that whereas the ordinary iron had a tensile 
strain of about 18 tons per square inch, and an elongation of 
10 per cent. in 8 in., bars having the above-mentioned small 
percentage of aluminium have a tensile strain of 31 tons per 
square inch, with 22 per cent. elongation in 8 in., and the bend- 
ing tests showed equally good results. 

It would thus appear that the alloys of aluminium will be 
found to be of increasingly great practical and commercial im- 
portance. The pure substance is still so very costly, about 
$3.75 per pound (the price has recently been reduced about one- 
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accordance with the hardening of the metal, its temperature is 
to be varied from 15° to 200° C., a high temperature being em- 
ployed for the tempering of the harder steels, while a lower 
temperature is used for tempering the milder steels. Additions 
of various salts to the glycerine baths are recommended to in- 
crease their quenching power. Thus, for a hard temper, 
manganous sulphate may be added in quantity varying from 1 
up to 34 per cent. of the liquid, or from } to 4 per cent. of po- 
tassium sulphate ; for a softer temper, I to Io per cent. of man- 
ganese chloride, and I to 4 per cent. of potassium chloride may 
be added. ° 


Articulated Compound Locomotives.—The Swiss Central 
Railroad has ordered several four-cylinder Mallet articulated 
compound locomotives, The new Swiss tank engines will be 
carried on eight wheels, coupled in two groups, driven each by 
a separate pair of high and low-pressure cylinders, while the 
front or low-pressure group is made to swivel as a bogie. The 
weight of an engine, fully equipped, will be 52 tons, or 13 tons 
per axle. 


A London City Railroad Station.—The accompanying 
sketch shows one of the six stations now being erected along the 
route from King William Street to Stockwell by the city of 
London & Southwark Subway Company. All the edifices vary 
in plan and arrangement, but the exteriors possess some com- 
mon features. The principal one is the great circular shaft 
































half), that its sole use in shipbuilding, engineering, and boiler- 
making is out of the question ; but the adoption of small per- 
centages, securing great economical results in inferior metals, 
may be said to have been practically realized. The more gen- 
eral adoption of aluminium alloys for propellers, bearings of 
engines, etc., is also highly probable, seeing the increasing 
speeds at which marine and other engines are driven, necessi- 
tating more reliable materials than those hitherto in use. Sim- 
ilarly its alloy ferro-aluminium in iron and steel manufacture 
may be expected to exercise a useful function.— Zhe Nautical 
Magazine. 


A New Method of Tempering Steel —A paper on this 
subject was read before the London section of the Society of 
Chemical Industry by Mr, Watson Smith, Lecturer in Chemical 
Technology in University College, London. The new method 
in question is the invention of Captain G. Feodossieff, of the 
Imperial Russian Navy, St. Petersburg, Inspector of all metals 
used in naval construction in the Imperial arsenal. In this 
process, protected by letters-patent in England, glycerine is the 
substance or medium proposed; and it is employed for the har- 
dening, tempering, or annealing of steel, cast steel or cast iron. 
The Lecturer referred to the British Association address of 
1889, by Professor W. C. Roberts Austen, Chemist to the Mint, 
where he had referred to the confusion at present existing in 
the use of the words ‘‘ hardening,” ‘‘ tempering’’ and “ anneal- 
ing’ as applied to steel, the outcome being the following clear 
definitions: ‘‘ Hardening is the result of rapidly cooling a 
strongly heated mass of steel; tempering, that of reheating 
the hardened steel to a temperature far short of that to which 
it was raised before hardening—this heating being followed or 
not being followed by rapid cooling ; while annealing consists 
in heating the mass to a temperature higher than that used for 
tempering, and allowing it to cool slowly,” Captain Feodos- 
sieff proposes to vary the specific gravity of the glycerine to be 
used from 1.08 to 1.26 at 15° C. by the addition of water, ac- 
cording to the composition of the steel and the effect desired. 
The quantity of glycerine is to be from one to six times greater 
in weight than that of the pieces to be plunged into it, and, in 





down which the passengers will be taken to the railway be- 
low. The domes will not only be important landmarks for 
the public, but will also serve to take the wheels and gear with 
which the elevator will be worked. 

It was proposed to use copper for the external covering, in 
order to secure not only increased durability but also the poetic 
charm of coloring incidental to the use of this material. The 
expense was, however, found to be tuo great, and the domes 
are being excellently covered with Vielle Montagne zinc, with- 
out the use of solder. 

The stations are being built of red brick and Bathstone. The 
entire works are being carried out by Messrs. J. Simpson & 
Son, under the superintendence of the architect, Mr. T. Phillips 
Figgis.—Zondon Railway Press. 


Six-Cylinder Triple-Expansion Engine.—The Fall River 
Iron Works mill is driven by a six-cylinder triple-expansion Cor- 
liss engine, or perhaps it. may be better described as two com- 
plete tandem triple-expansion engines attached to opposite ends 
of the same shaft. It is rated at 1,300 H. P. when running at 
the rate of 65 revolutions per minute, and with 150 lbs. initial 
pressure. The high pressure cylinders are 164 in. in diameter, 
the intermediate 28 in., and the low pressure 42 in., the stroke 
being 5 ft. The fly-wheel is 28 ft. in diameter, 114 in. on the 
face and carries four belts, two of which are 32 in. in width, 
one 26 in. and one 16in. The pulley weighed, when finished, 
97,728 lbs. The cylinders are steam jacketed and cased in 
sheet metal instead of the usual black walnut lagging. The 
wrist plate is superseded by the more modern arrangement now 
used by the Corliss Company, securing a more rapid movement 
to the valve. . Each cylinder is provided with the Corliss Com- 
pany’s new release valve, allowing for the escape of entrained 
water. This consists of along flat steel spring, the ends of 
which press upon valves located in the back bonnets of the 
exhaust ports. An excessive pressure, such as would be gen- 
erated by the confinement of water in the cylinder, lifts these 
valves against the action of the springs and allows the water jto 
escape. The engines have been in continuous operation since 
October 15, 1889, and develop 1,400 H. P.— Providence Journal. 








